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Under  the  direction  of  Chairman  Mao  in  the  froletariat 
Hevolution  since  the  Liberation,  the  aluminium  alloy  industry 
of  our  country  has  made  enormous  progress,  from  non-exletence 
to  existence,  from  small  scale  to  large  scale,  'quantity  and 
variety  of  products  increase  steadily,  while  quality  witness- 
es continuous  iuprovement.  This  industry  has  produced  its 
due  effects  in  the  construction  of  the  civilian  economy  and 
the  national  defense  industry. 

In  accordance  v/ith  the  teachings  of  our  great  leader 
Chairman  Kao,  ’’not  to  fail  to  draw  inferences  from  experience", 
ve  have  edited,  for  the  need  of  the  rapidly  developing  metal- 
lurgical industry,  the  book  "Leformed  Aluminium  Alloy  Ketal- 
lography".  It  is  intended  to  serve  as  a reference  source  for 
those  '-ho  are  working  in  the  production,  application,  scienti- 
fic researcn,  teaching,  and  other  related  areas  of  deformed 
alurainium  alloys. 

This  book  places  emphasis  on  the  introduction  of  the 
piiase  formations  and  special  features  of  eight  principal 
alloy  systems  (including  pure  aluminium)  of  deforrsed 
aluminium  alloys,  the  effects  of  various  working  methods 
(e.g,  extrusion,  rolling,  forging,  cold-drawing,  etc,) 
on  the  alloy  structures,  and  the  peculiarities  and  regularities 
of  alloy  structures  under  various  kinds  of  heat  treatments 
(e.g,  homogenization,  annealing,  quenching,  ageing,  etc,). 
Diagrams  and  accompanying  explanations  are  generally  inclu- 
ded for  the  illustration  of  typical  cases. 

In  the  course  of  editing  this  book,  we  received  plenty 
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of  support  and  help  from  Chen-Yang  Hetcil  Research  Institute, 
leklng  dteel  Research  Institute,  Shanghai  Material  Research 
Institute,  Peking  Aerospace  Academy,  Peking  Steel  Academy, 
Northeastern  Institute  of  Technology,  Mid-South  Mineralogy 
Academy,  Shanghai  Traffic  University,  and  otner  fraternal 
factories,  schools  and  units.  To  them  we  would  like  to  ex- 
press our  deep  appreciation. 


Owing  to  our  limited  knowledge,  this  book  may  contain 
many  errors  and  shortcomings,  »e  sincerely  welcome  any 
criticism  and  correction  from  the  readers. 


Metallography  Editorial  Board 

Jvine , 1 974 
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General  i^iscuBBlon 


Following  the  rapid  development  in  the  construction 
of  our  country  based  on  socialism,  products  of  aluminium  and 
its  alloys,  available  in  sheets,  ribboxxs,  foils,  tubes, 
rods,  structural  shapes,  wires,  and  forgings,  find  in- 
creasingly wide  applications  in  machine  production,  transpor- 
tation, electrical  appliances,  aviation,  shipbuilding,  chemi- 
cal engineering,  and  other  civilian  sectors, 

structures  and  properties  of  products  made  from  alumin- 
ium and  its  alloys  are  dependent  on  the  following  three  fac- 
tors : alloy  compositions,  deformation  methods,  and  product- 
ion techniques.  Therefore,  the  investigation  of  structural 
features  of  products  made  from  aluminium  and  its  alloys 
under  various  conditions  is  essential  to  the  improvement  of 
product  nuality,  to  the  r.finercent  of  production  techniques, 
and  to  the  proper  choice  of  material  in  applications, 

I Classification  of  Alloys 

Alloys  are  usually  classified  according  to  one  of  the  follow- 
ing 3 schemes  ; Their  properties  under  heat  treatments,  their 
alloy  compositions,  or  their  pro..erties  in  regard  to  their 
utilisations.  Deformed  aluminium  alloys  produced  in  this 
country  are  classified  according  to  the  last  scheme  into  In- 
dustrial-pure aluminium,  stainless  aluminium,  hard  aluminium, 
ultra-hard  aluaiinium,  and  forged  aluminium,  all  except  in- 
dustrial-pure aluminium  are  alloys  formed  by  the  combination 
of  aluminium  with  other  principal  elements.  Stainless  alumi- 
nium includes  the  alloys  aluminium-manganese  and  aluminium- 
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luat^neuium.  Hard  aluminium  Includeu  the  alloys  aluminium*' 
copper-maf>aeaium  £i:id  aluminium-copper-manganeoe.  Ultra-hard 
alu-jiaium  includes  the  alloy  aluminium-ziac-magnesium-copper. 
Forged  aluminium  includes  the  alloys  aluminium- magnesium- 
silicon-copper  and  aluminiua-copper-magnesium-iron -nickel. 

All  except  industrial-pure  aluminium  and  stainless  aluminium 
can  be  hardened  by  means  of  heat  treatments.  The  chemical 
compositions  of  these  alloys  are  listed  in  Table  1 in  the 
Appendixes,  Uesii^nation  for  different  variety  specifications 
and  symbols  for  different  tempers  of  aluminium  alloy  products 
are  listed  in  Table  4 and  Table  5 respectively  in  the  Append- 
ixes, 

Since  the  alloys  LY6  and  Ly2  in  the  aluminium-copper- 
magneslum-iron-nickel  and  alurainium-copper-manganese  alloy 
systems  are  capable  of  enduring  high  temperature,  they  are 
also  knov/n  as  refractory  aluminium  alloys. 

In  this  metallography,  we  use  the  classification 
according  to  alloy  compositions, 

11  Constitution,  of  Alloys  and 
formation  of  Alloy  Phases 

Aluminium  combines  with  lesser  amounts  of  ^ le  commonly 
used  alloy  elements  such  as  zinc,  magnesium,  copper,  lithium, 
.-..anganese,  nickel,  or  iron  by  means  of  eutectic  reactions;  v/ith 
chxonlium  or  titanium  by  means  of  peritectic  reactions;  and  with 
lead  by  means  of  monotectic  reactions.  Zinc,  magnesium,  copper, 
and  lithium  have  the  highest  solid  solubilities  in  aluminium, 
followed  by  manganese,  silicon,  nickel,  titanium,  chromium, 
and  iron.  Lead  is  the  least  soluble  in  aluminium. 
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Because  of  the  ax^oreciable  changes  in  solubilities  with 
temperature  of  the  alloy  elements  such  as  copper,  lithium, 

:md  silicon,  anJ  of  the  alloy  phases  such  as  Mg23i,  Mg«-n2, 
and  o(C'uHgAl2)>  the  alloys  can  be  hardened  considerably  after 
quenching  and  ageing. 


In  some  alloys,  the  aai /mts  of  iron  and  silicon  can  be 
varied  controliably  as  irapurities.  They  combine  with  alumi- 
nium to  form  PeAl^,  «(Fe  ji^nl^  2^  » ^(Fe23i2Alg) , They  can 
also  combine  with  elements  such  as  ir.anganese  to  form  more 
complex  compounds  li.ce  (Feto)Alg,  i‘uijiiAl^2»  Cu2FeAlY,  and 
CFetobi)Alg.  CFeHn)Al^  is  a solid  solution  formed  by  either 
Fe  dissolving  into  iinAlg,  or  f'in  dissolving  into  FeAl^. 
(FeMnbi)Alg  is  a solid  solution  formed  by  Fe  dissolving  into 
ILn^biAl^2»  bince  these  compounds  only  dissolve  slightly  or 
not  at  all  in  o<Ca1),  they  hardly  participate,  if  at  all,  in  the 
process  of  age-hardening. 

In  suin;;*ary,  the  phases  associated  with  the  impurities  in 
the  alloys  do  not  favor  age -hardening.  However,  if  their 
special  properties  are  properly  utilized,  they  can 
be  employed  to  improve  other  properties  of  the  alloys.  For 
example,  when  Fe/Si>2,  there  is  a sizable  amount  of  FeAl^ 
phase  in  a piece  of  industrial-pure  aluminium,  ...aking  the 
alloy  more  resistant  to  high  te.i;perature  and  corrosion.  By 
adjusting  the  contents  of  iron  and  silicon,  or  by  adding 
other  ele.aents,  one  can  avoid  the  deterioration  of  alloy 
malleability  and  inachinability  caused  by  the  coarse  and  flake- 
shaped ^CFe2oi2Alg)  or  (Fel‘ln)Alg  through  the  formation  of 
bone-shaped  o<(PeSijAl^ 2^  C^'^MnSi) Alg. 

Elements  that  are  soluble  in  Al  such  as  l-ln,  Cr,  and  gr, 
can  increase  the  alloy  recrystalli..iation  temperature.  They 
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do  not  precipitate  eaaily  under  alow-cooling,  but  only  after 
subsequent  heating.  This  phenoraenon  is  called  Xempering Decom- 
position. The  distribution  of  these  dot-like  precipitates, 
which  are  compounds  of  Al  with  Mn  or  Cr,  has  very  import- 

ant influence  on  the  properties  of  the  alloys  They  are  the  prin- 
cipal phases  during  the  dispersion  hardening  of  some  alloys. 

Titanium,  a modifier  for  certain  alloys,  can  help  to 
reduce  grain  sizes,  thereby  guaranteeing  good  technical  and 
mechanical  properties  for  the  alloys. 

Among  the  deformed  Al  alloys  hardenable  by  heat  treatments, 
those  based  on  the  Al-Cu-Hg,  Al-I'ig-iii , and  Al-Kg-hn  systems 
are  most  extensively  used.  The  structures  of  their  phases  are 
rather  complex.  The  basic  understanding  of  the  distributions 
of  phase  zones  in  the  equilibrium  diagrams  near  the  Al-rich 
end  for  these  alloy  systems  will  be  very  essential  to  the  ana- 
lysis of  the  alloy  phase  structures  and  to  the  choice  of  pro- 
cedures for  heat  treatments. 

Prom  the  equilibrium  diagram  of  Al-Gu-Kg  (Figure  1),  this 
alloy  system  can  form  the  3CCuMgAl2)  and  'i'(CuMg^Al^)  phases 
aside  from  the  GUAI2  and  MggAl^  phases.  At  ^Oo,b*C,  the  ter- 
nary eutectic  reaction  occurs  : L^»<(Al)  + b(CuMgAi2), 

with  35,1ii6Cu  and  b,2b!^Mg  by  weight.  At  this  temperature,  the 
maximum  solubilities  of  Cu  and  Mg  in  «(A1)  are  4,1;6  and  KYvt* 
respectively.  At  bla^G,  the  liquid  that  contains  24,5 jGu  and 
10,5%Mg  undergoes  the  binary  eutectic  reaction  ; L^o<(a1)  + 
SCGuHgAl2)»  where  the  solid  solubilities  of  Gu  and  Mg  in  «(A1) 
are  both  2,9/o,  Gommercially  available  hard  Al  is  composed  of 
the  above  mixtures  in  the  binary  and  ternary  pnase  zones.  The 
strength  of  the  alloy  is  greatest  when  it  is  in  the  ternary 
phase  zone  and  is  close  to  the  binary  phase  zone,  Alj-oys  in 


the  binary  phase  zone  has  very  good  ability  in  enduring  high 
temperature, 

?rom  the  equilibrium  diagram  of  Al-Mg-oi  (Figure  2), 
there  is  a binary  pseudoeutectic  section  o<(Al)  + Hg2Si  v/hich 
is  composed  of  8,25  J'ig  and  4.V5/i3i  at  595*’C,  with  solid  solu- 
bilities of  hg  and  ui  in  «<(A1)  being  1,1'/%  and  0,68,S  respect- 
ively, There  is  a ternary  eutectic  system  on  each  side  of 
this  section  : e«(Al)-Hg2di-3i  near  the  Si  side,  and  <x(Al)- 
Mg2Al^-Kg23i  near  the  Mg  side.  The  strength  of  the  alloy  is 
greatest  (after  heat  treatment)  when  its  composition  is  in  the 
c<(Al)-Mg2Si-Si  phase  zone.  Accordingly,  the  composition  of 
Al-Mg-3i  used  iii  the  industry  is  such  that  the  solubilities  in 
«*(A1)  are  greatest  at  the  above  ternary  eutectic  temperature,  and  is 
at  the  same  time  restricted  to  the  vicinity  of  the  binary 
pseudoeutectic  section. 

In  the  Al-Mg-Zn  system,  there  exist  the  Kg2Al^,  Mg^n2» 
and  Mg^Zn^Al2  phases.  From  the  equilibrium  diagram  of 
Al-Mg-Zn  (Figure  5),  there  are  two  binary  eutectic  reactions. 

One  of  them  produces  ot(Al)-MgZn2»  with  T1,b%Mg  and  &1;»bZn  at 
475*0,  The  maximum  solubilities  of  Mg  and  Zn  in  o<(Al)  are 
2,65/^  and  1 4, 25/3  respectively.  The  other  one  occurs  at  489**C  : 
Lsito^Al)  + Mg^Zn^Al2,  with  17/oMg  and  45%2n,  The  maximum  solu- 
bilities of  Wg  and  ^n  at  this  eutectic  temperature  are  4,2% 
and  11,4%  respectively.  At  530®C,  there  occurs  also  a binary 
pseudo-peri tectic  reaction  ; L + MgZn2=!*  Mg^Zn^Al2.  Commerci- 
ally available  ultra-hard  A1  has  its  composition  in  between  or 
near  the  above  two  binary  eutectic  sections. 

In  order  to  improve  the  machinability  aind  corrosion  re- 
sistivity of  Al-Mg-Zn  alloys,  copper  is  usually  added.  Hence, 
ultra-hard  Al  is  an  alloy  based  on  the  Al-Wg-Zn-Gu  system,  so 
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s also  appear  in  the  alloy  (Figure 
er  Six  on  the  analysis  of  Al-Mg-^jn 


■g  alloy  systems,  the  most  common 
^Al^,  MnAl^,  HnAl^,  TiAl^,  CuAl2» 

All  2)*  yS C 9 ^ ’ C (j » 

.iy,  Gu2FeAl^,  Cu^NiAl^,  'i’CCuKJiAl^ 

),  find  (FeMnii)Al^,  In  addition, 
lr)Al^,  and  AlCuMnJi,  as  well  as 
s.  (Gr^FeMnSi)Algis  also  found  in 
of  semi-continuous  casting  v/hen  the 
.re  sufficiently  high. 


tion  of  Solid- Jxate  Phase  Zones  of 
Sys  oem  at  Room  Temperature 


Figure  4 Distribution  of  Phase  Zones  of  Al-Zn-Cu  in 
the  90^  A1  Plane  at  200*0 

Of  the  phases  mentioned  above,  excluding  Si,  MnAl^,  JtoAlg, 
TiAl^,  ZrAl^,  and  Mg2Zi,  which  are  insoluble  in  A1  (Mg^Si  is 
also  insoluble  in  both  Mg  and  Si),  all  binary  phases  have  vary- 
ing degrees  of  solubilities  in  Al  and  their  respective  compo- 
nents, For  ternary  and  quartemary  compounds,  all  except 
S(CuMgAl2)  have  varying  degrees  of  solubilities  in  their  res- 
pective components.  In  particular,  has  the  widest 

range,  while  that  of  W(Cu^Mg^Si^Al^)  is  rather  restricted,  and 
SCCuMgAl^)  has  almost  none  at  all. 

In  the  production  of  deformed  Al  alloys,  the  formations 
of  the  above  phases  are  dependent  on  the  rates  of  crystalliza- 
tion during  casting,  chemical  compositions  of  the  alloys,  heat 
treatment  techniques,  and  working  methods.  The  various  kinds 
of  compounds  introduced  in  this  book  are  identified  by  means 
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of  me tallo graphic  einalysis  and  mi crostmcture- probing  by 
electrons.  The  alloy  specimens  are  prepared  by  a specified 
set  of  melting  and  casting  techniques  and  heat  treatment 
methods.  Figure  5 exhibits  the  features  of  different  com- 
poimda  under  slow-rate  crystallization.  The  crystalline 
structures  of  these  compounds  and  the  effects  of  various  et- 
ching reagents  on  them  are  listed  in  Table  2 in  the  Appendi- 
xes, The  analyses  of  the  different  industrial  alloy  systems 
are  given  in  Chapter  One  through  Chapter  Eight, 

III  Structures  of  Cast  and  Wrought  Products 
under  Various  Conditions 

1,  Structures  of  Ingots  Made  by  Semi -Continuous 
Casting  ( Watercooled) 

Because  of  the  rapid  rate  of  cooling  during  the  process 
of  serai -continuous  casting  of  deformed  aluminium  alloys,  the 
ingot  structures  are  often  those  of  non-equilibrium  eutectic 
systems  amd  other  metastable  phases,  which  can  be  illustrated 
by  means  of  Figure  6,  For  example,  for  an  alloy  containing 
A-Yo  Cu,  it  will  completely  solidify  at  point  b if  it  proceeds 
in  accordance  with  equilibrium  crysteillization.  Between  points 
b and  d,  the  alloy  is  a homogeneous  single-phase  solid  solution 
of  sj<(Al),  vdien  the  temperature  drops  below  point  d,  the  o^Al) 
soild  solution  decomposes,  from  which  particles  of  CUAI2  are 
precipitated.  Under  the  drastic  cooling  condition  in  the 
process  of  serai-continuous  casting,  the  crystallization  rate 
becomes  so  rapid  during  the  solidification  of  the  alloy  that 
conditions  for  equilibrium  crystallization  are  destroyed. 

Now,  the  composition  of  «(A1)  in  the  alloy  will  not  obey  the 
solidus  line  in  the  equilibrium  diagram,  but  will  obey  the  flat 
dashed  line  in  Figure  6,  Accordingly,  the  4v6  Cu  alloy  cannot 
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solidify  completely  until  it  cools  to  point  c.  It  is  evident 
then  that  there  is  a considerable  amount  of  liquid  solidify- 
ing into  eutectic  structures  at  the  eutectic  temperature. 

These  secondary  eutectic  structures  are  distributed  on  the 
arms  of  the  dendrites  and  on  the  grain  boundaries.  They 
are  few  in  number,  and  often  appear  as  segregated  eutectic 
structures.  That  is  to  say,  the  o<{kl)  participating  in  the 
eutectic  reaction  joins  with  the  o<(Al)  matrix,  so  that  the 
compounds  comprising  the  eutectic  structures  appear  isolated. 
Under  the  optical  microscope,  the  appearance  of  the  cross- 
section  of  a sample  with  dendritic  structure  resembles  that 
of  a net,  so  this  structure  is  often  called  the  dendritic  net- 
work, It  is  apparent  that  the  inside  of  each  cell  of  the  net 
is  made  of  oc(Al),  and  the  narrow  strips  between  the  cells  are 
made  of  non-equilibrium  eutectic  structures.  Figure  6a  shows 
the  equilibrium  structure;  Figure  6b  shows  the  non-equilibrium 
structure  . 


Figure  6 


Structures  of  Alloy  under  Equilibrium  and 
Non-Equilibrium  Conditions 


As  a result  of  selective  crystallization  during  casting, 
alloy  elements  are  not  distributed  uniformly  within  the  arras 
of  each  dentrite,  whence  preferential  precipitation  occurs, 
exhibiting  wave-form  structures  (Figure  II-2a  in  Chapter 
Three).  The  way  in  which  preferentieil  precipitation  is  mani- 
fested is  related  to  that  of  the  alloys  which  behave  in 
accordance  with  the  equilibrium  diagram.  In  eutectic  alloys, 
the  contents  of  alloy  elements  are  lowest  in  the  central 
regions  of  the  dendrites  and  increase  gradually  to  the  sides. 

For  peritectic  edloys,  the  situation  is  just  the  opposite  to 
that  of  the  eutectic  alloys. 

During  the  rapid  cooling  of  some  alloys,  the  formations  of 
certain  compounds  do  not  proceed  in  accordance  with  equili- 
brium conditions,  and  metastable  structures  are  formed.  For 
example,  in  the  case  of  Al-9,7%Mn  alloy,  MnAlg  is  formed 
under  equilibrium  conditions  at  room  temperature;  but  under 
rapid  crystalliztion,  the  structures  formed  are  layers  of 
MnAl^  surrounded  by  MnAlg,  because  the  peritectic  reaction 
L + MnAl^  MnAl^  is  not  carried  out  into  completion  (Figure  7). 

The  microstructure  of  the  ingot  is  a dendritic  network. 

For  example.  Figure  8A  shows  the  structure  of  an  LY12  alloy 
ingot  made  by  serai-continuous  casting,  which  has  this  form. 

The  structures  at  the  grain  boundaries  appear  to  be  the  same 
as  those  at  the  dendritic  boundaries.  In  order  to  distingu- 
ish between  them,  the  sample  has  to  be  anodized  and  then 
observed  under  polarized  light,  Sa.ch  grain  will  show 
up  as  a region  of  uniform  light  intensity  (Figure  SB), 

The  size  of  each  cell  of  the  dendritic  network  of  an 
ingot  and  the  width  separating  two  adjacent  cells  are  not 
uniform.  Figure  9 shows  the  structure  of  an  LD2  f<272mm 
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round  alloy  Ingot  under  low  power  and  high  power  microscope. 
At  the  place  where  the  preferentially  precipitated  structures 
are  found  at  the  edge  of  the  ingot,  the  size  of  the  cells  of 
the  dendritic  network  is  small  and  the  separations  between 
the  cells  are  rather  thick.  In  the  next  layer,  the  so-called 
peripheral  fine-grain  region,  the  size  of  the  cells  of  the 
dendritic  network  is  large  and  the  separations  between  the 
cells  are  sparse.  In  the  middle  region  of  the  ingot,  the 
cells  of  the  dendritic  network  are  smaller  and  more  non-uni- 
form than  those  in  the  previous  layer,  and  the  separations 
between  the  cells  aare  thick.  In  the  central  region,  the  cells 
have  irregular  sizes,  but  are  generally  smaller  than  those 


Figure  7 Layer  Structure  of  MnAl^  Surrounded  by  MnAlg 

in  Al-Mn  Alloy 
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Effects  of  Various  Methods  of  Deformation  and 
Heat  Treatment  on  the  Alloy  Structure  of  LY1? 


C — Ingot  under  homogenization 
**I  — Cold-Rolled  sheet  after  annealing 


in  the  peripheral  fine-grain  region.  We  have  studied 
a sample  of  the  ^272im  1112  alloy  ingot  and  determined  the 
size  of  the  cells  of  each  region  mentioned  above.  The  results 
are  listed  in  Table  1 , 


Table  1 Average  Sizes  of  Cells  of  the  Dendritic  Netv/ork 
in  Various  Regions  of  the  Ingot 
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Figure  9 Structures  of  LD2  Alloy  ^272nim  Round  Ingot 
under  Low  Power  and  High  Power  Microscope 
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The  rate  of  crystallization  during  casting  directly  in- 
fluences the  size  of  the  cells  in  the  dendritic  network:  the 
higher  the  rate  of  crystallization,  the  smaller  the  average 
size  of  the  cells  in  the  dendritic  network.  The  properties  of 
the  ingot  are  heavily  dependent  on  the  size  of  the  cells  in 
the  dendritic  network.  This  effect  is  especially  pronounced 
for  alloys  with  high  contents  of  alloy  elements.  The  reason 
is  that  the  sizes  and  distribution  of  interdendritic  com- 
pounds (eutectic  structures)  are  directly  affected  by  it. 

When  the  cells  in  the  dendritic  network  are  small,  which 
means  that  the  compounds  are  small  and  evenly  distributed, 
the  structural  quality  of  the  ingot  is  good, 

“.When  improper  chemical  compositions  and  technical  me- 
thods are  used,  accumulations  of  preferentially  precipitat- 
ed proeutectic  compounds  will  also  appear  in  the  ingot.  Their 
structural  features  are  discussed  in  Chapter  Seven  on 
Al-Cu-Mg-Fe-Ni  System  Alloys, 

During  semi-continuous  casting,  subgrains  can 
also  be  found  within  the  dendritic  network  of  the  ingot 
(Figure  10).  Their  sizes  are  related  to  the  rate  of  crystal- 
lization during  casting  : their  sizes  are  large  when  crystal- 
lization is  slow,  and  small  when  crystallization  is  fast.  Be- 
sides, they  grow  in  sizewith  temperature  during  homogenizat- 
ion. 


The  size  and  distribution  of  crystal  grains  are  depen- 
dent on  alloy  casting  techniques.  For  industrial- pure  Al 
that  does  not  contain  amy  modifier  such  as  titanium,  and  for 
Al-Mg  alloys  with  low  content  of  magnesium,  there  are  three 
grain  regions,  namely,  the  peripheral  fine  -grain  region, 
the  columnar  grain  region,  auid  the  central  equiaxed  region 
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(Por  details,  see  the  macrographs  of  ingots  in  Chapter  One  on 
Industrial -pure  Aluminium  and  Chapter  Two  on  Al-Mg  Alloys). 
The  structures  of  the  above  alloys  vrill  undergo  marked 
changes  when  a modifier  (titanium)  has  been  added. 

The  columnar  grain  region  becomes  poorly  developed,  while 
the  size  of  the  equiaxed  grains  diminishes  (Figure  11a). 

*'/hen  cast  improperly,  the  ingots  of  industrial  •pure  aluminium 
LP5  and  LC4  alloys  can  exhibit  coarse  equiaxed  grains,  coarse 
columnar-  grains,  and  lacy  structures  (Figures  11b  and 

11c).  When  cast  properly,  the  ingots  of  multi- component 
alloys  that  contain  high  amounts  of  alloy  elements  (LY12, 

LJ)8,  LC4)  are  basically  composed  of  equiaxed  fine  grains, 
the  columnar  grains  being  poorly  developed  (Figure  lid), 

2.  Structures  of  Alloys  under  Various  working 
Conditions 

(1)  Strcutures  of  Alloys  under  Hot  Rolling 


Figure  10  Subgrains  In  the  Dendritic  Net- 
work of  Ingot  Made  by  Semi -continuous  Casting 


After  the  ingot  has  been  hot-rolled  its  sheet  struct- 
ure is  dependent  on  the  final  temperature  in  hot  rolling* 

In  practical  production,  final  temperatures  in  hot  rolling 
for  alloys  vary  widely.  In  most  cases,  the  final  temperatures 
in  hot  rolling  for  sheets  are  either  below  the  recrystalli- 
zation temperature  or  within  the  recrystallization  temperature 
range.  Therefore,  the  structures  of  hot-rolled  sheets  are 
often  those  of  incomplete  recrystallization.  Some  of  them  may 
not  even  have  undergone  recrystallization  and  still  remain  in 
the  recovery  condition  (Figure  12), 

During  the  hot  rolling  of  an  alloy,  its  cast  grains 
and  dendritic  residues  are  being  crushed.  The  grains  will  be 
stretched  along  the  direction  in  which  rolling  is  applied. 

The  compounds  are  arranged  into  arrays,  showing  markedly  di- 
rectionality. At  this  time,  if  the  alloy  undergoes  recry- 


Figure  1 1 Comparison  of  Grain  Sizes  of  Aluminium  Alloy 
Ingots  I-lade  by  Semi-continuous  Casting 
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stallization,  the  shape  of  the  grains  will  become  flat.  If 
there  is  no  recrystallization,  its  structure  will  consist  of 
fibres  elongated  along  the  principal  deformation  direction 
in  which  rolling  is  applied  (figure  81)),  vihen  recrystalli- 
zation is  not  complete,  the  structure  of  the  alloy  is  a com- 
bination of  the  above  two  structures. 

Surprisingly,  the  extent  of  deformation  due  to  stretch- 
ing along  the  principal  rolling  direction  at  the  surface 
area  of  the  alloy  in  contact  with  the  roller  is  less  than 
that  in  the  central  region,  '^/hen  the  industrial- pure  Al 
alloy  L2  has  been  hot-rolled  at  520®C,  the  surface  has  un- 
dergone re crystallization  and  exhibits  equiaxed  grains,  but 
there  are  some  residual  cast  structures  left;  whereas  in  the 
central  region  of  the  sheet,  the  dendritic  network  has  been 
completely  destroyed  (figure  13). 


figure  12  Three  Dimensional  Structure  of  a Hot-Rolled 
8mm  Thick  LY12  Alloy  Sheet 
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The  structure  of  the  hot- rolled  sheet  is  not  uniform 
throughout.  In  the  inner  layer  right  next  to  the  surface  of 
the  sheet,  the  flow  of  metal  is  not  in  order.  The  character- 
istics of  the  distribution  of  this  disordered  layer  are  as 
shown  in  Pigure  H for  two  6,0mm  thick  sheets,  one  of  which 
is  hot-rolled  at  4B0*G,  and  the  other  at  490'’c,  The  thick- 
ness of  the  disordered  layer  increases  from  the  side  to  the 
center  of  the  sheet  gradually,  and  remains  constant  in  the 
middle  region, 

(2)  Structures  of  Alloys  under  Hot  Extrusion 

nl,on  the  ingot  is  being  worked  on  under  forward  extrus- 
ion in  the  absence  of  lubrication,  the  dendritic  network  is 
broken.  In  the  process  of  extrusion,  the  flow  of  metail  is 
in  the  form  of  layers,  and  exhibits  strong  directionality. 

The  grains  are  elongated  along  the  principal  deformation 
direction  in  which  extrusion  is  applied.  The  greater  the 
degree  of  deformation,  the  more  severe  the  elongation,  and 
at  the  same  time  the  greater  the  degree  of  compounds  being 


Pigure  13  Three  Dimensional  Structure  of  a lOram 

Thick  Hot-Holled  L2  Industrial -Pure  Al 
Sheet  (Hot  Rolling  Temperature  5?0*C) 
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broken  (Figure  8F) 


Under  hot  extrusion  most  mangauiese- containing  and  chrom- 
ium-containing alloys  do  not  undergo  recrystallization.  There 
is  a large  amount  of  subgrains  in  the  layered 


Figure  14  Distribution  of  Disordered  Layer  Thickness 
along  the  Width  Direction  in  a 6. Oram  Thick 
Hot-Rolled  Sheet 


Figure  15  Subgrains  in  the  Structure  of  an 

Lyi2  Alloy  under  Hot  Extrusion 
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structure  (Pigure  15).  For  those  alloys  which  have  low  re- 
crystallization temperatures  (e.g.  Industrial -Pure  A1 , Lyi6, 
and  LD8),  their  structures  are  those  of  recrystallization 
when  the  hot  extrusion  final  temperature  is  high  enough,  when 
the  hot  extrusion  final  temperature  is  low,  recrystallization 
will  not  be  complete,  so  that  the  structures  formed  are  part- 
ially recrystallized  and  deformed  fibre  structures. 

Most  aluminium  alloy  products  that  have  undergone  hot 
extrusion  and  subsequent  quenching  and  ageing  have  greater 
strength  than  other  products  that  have  undergone  other  methods 
of  hot  working  (e.g.  Rolling,  Forging,  and  Die- 
Pressing)  and  cold  working  (Cold  spinning  and  Gold  drawing) 
with  similar  quenching  and  ageing  conditions.  The  increase  in 
strength  is  especially  marked  along  the  extrusion  direction. 

This  phenomenon  is  called  the  Extrusion  Effect. 

The  stmctures  of  extruded  products  are  dependent  on  the 
alloy  compositions,  shapes  of  orifices  in  the  dies,  extru- 
sion temperatures,  deformation  rates,  and  numbers  of  extru- 
sions applied.  Under  usual  circumstances,  alloy  compositions, 
deformation  rates,  numbers  of  extrusions  applied,  and  extru- 
sion temperatures  are  the  principal  factors  that  influence 
the  structures  of  the  products,  A second  extrusion  can  reduce 
the  variation  in  directionality  in  the  first  extrusion.  This  is 
because  the  second  extrusion  alters  the  fibre  structures  form- 
ed in  the  first  extrusion,^ca§srng  "^^e  ^comp^unds  that  are 
originally  in  arrays  to  intermingle  with  the  broken  pieces  of 
the  crystal  grains.  Moreover,  the  heating  of  additional  num- 
bers of  times  induces  further  decomposition  of  manganese  in 
*><(A1),  thereby  lowering  the  recrystallization  temperature  of 
the  alloy  and  diminishing  or  eliminating  the  Extrusion 
Effect  (Figures  18  and  19).  The  effects  of  the  above  mention- 
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ed  structural  changes  on  the  mechanical  properties  of  extru- 
ded products  are  listed  in  Table  3 in  the  Appendixes, 

During  extrusion,  the  alloy  is  not  uniformly  deformed, 
so  that  the  structure  of  the  extruded  product  is  not  homogen- 
eous, Figure  20  is  a diagram  of  the  structure  of  an  LD2  alloy 
rod.  The  diagram  shows  a coarse  grain  region  at  the  surface. 

The  depth  of  the  coarse  grain  region  increases  gradually  from 
the  non-coarse  grain  region  at  the  front  end  of  the  rod 
(Figure  20a)  to  the  coarse  grain  region  at  the  rear  end  of 
the  rod  (Figure  20b),  The  shape  of  the  coarse  grain  region 
distributed  on  the  cross-section  of  the  product  is  related  to 
the  shape  of  the  orifice  in  the  die  and  to  the  number  of 
orifices  present.  For  example,  the  coarse  grain  region  of 
a rod  is  of  annular  form  in  the  case  of  single  orifice,  and 
of  crescent  form  in  the  case  of  more  than  one  orifices. 

Also,  the  extent  of  physical  deformation  at  the  front  end  is 
less  than  that  at  the  rear  end.  On  the  same  cross-section, 

the  extent  of  physical  deformation  at  the  edge  portion  is  bigger 
than  those  at  the  middle  and  center  portions,  that  of  the 
center  portion  being  the  least;  this  kind  of  variation  is 
most  pronounced  at  the  front  end  of  the  rod,  and  diminishes 
as  the  rear  end  is  approached.  Since  the  extent  of  deforma- 
tion is  small  at  the  front  end,  residuad.  cast  structures  can 
still  be  found.  Co  jsequently,  the  mechanical  properties  of 
the  front  end  of  the  rod  are  not  as  good  as  those  of  the  rear 
end  of  the  rod.  In  particular,  the  elongation  rate  is  lower 
than,  and  the  properties  are  not  as  even  as,  those  at  the 
rear  end  of  the  rod, 

(3)  Structures  of  Alloys  under  Forging 

The  thickness  of  the  flow-lines  of  forged  products  is 


dependent  on  the  structures  of  the  materials  to  be  forged  and 
on  the  forging  techniques,  When  a previously  extruded  billet 
is  die-pressed,  the  metal  flow  along  the  outline  of  the  die 
exhibits  strong  directionality.  After  quenching,  fine  flow 
lines  are  formed.  When  a previously  cast  material  is  die- 
pressed,  or  when  a product  has  undergone  different  kinds  and 
many  times  of  forging,  the  directionality  of  the  metal  flow 
is  rather  weak.  After  quenching,  thick  flow  lines  are  formed. 
The  structures  of  forged  materials  are  rather  complicated, 
and  are  dependent  on  the  sizes  of  the  forged  materials,  the 
die-forging  techniques  used,  and  the  shapes  of  the  forged 
materials.  The  structures  of  the  forged  materials  after 
ouenching  and  artificial  ageing  are  similar  to  those  of  ex- 
truded products,  namely,  they  have  either  complete  recrystal- 
lized structures  or  a combination  of  partially  recrystallized 
and  deformed  fibre  structures.  The  compounds  are  broken  and 
rearranged  in  arrays  along  either  the  outlines  of  the  dies  or 
along  the  principal  defornatlon  direction  during  forging 
(Figure  21),  (Details  of  the  structural  features  of  forged 
materials  can  be  found  in  Chapter  Five  on  Al-Mg-Si-Cu  Alloys 
and  Chapter  Six  on  Al-2n-Mg-Cu  Alloys) 

N,B,  In  most  hot  die-forged  products  recrystallized 
stmctures  as  well  as  regionally  distributed 
subgrains  can  be  found  when  under  quenching  and  artifi- 

cial ageing  conditions,  (see  Chapter  Five  on  Al-Mg-Si-Cu 
Alloys  and  Chapter  Six  on  Al-Zn-Mg-Cu  Alloys). 

The  inhomogeneity  of  the  structure  of  a forged  material 
appears  mainly  in  the  thick-walled  portion,  which,  because  of 
the  small  extent  of  deformation,  contains  residual  cast 
structures.  It  is  apparent  from  Figure  21  amd  the  comparison 
of  figures  in  Table  3 in  the  Appendixes  that  the  smaller  the 
deformation  rate,  the  smaller  the  extent  of  the  cast  structure 
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Figure  18  Three  Dimensional  Structure  under  Hot 
Extrusion  Oondition  of  a Once-Extruded 
LD2  Alloy  Ribbon  (Specification  : 90  x 
230  mm;  Defromation  : 31 » 6%) 


Figure  19  Three  Dimensional  Stinicture  under  Hot 

Extrusion  Condition  of  a Twice-Extruded 
LD2  Alloy  Structural -shape (Specif! cat ion  : 
AP-218;  Deformation  ; 94.2%) 
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Figure  20  Diagram  Showing  the  Structure  of  an  IjD2 
Alloy  Rod 

a — Front  End:  b — Reair  End 


being  broken,  ajid  that  the  clearer  the  outllnea  the  dendri- 
tic netv.'ork,  which  aieans  the  taore  the  residual  cast  structures, 
the  lower  the  transverse  elongation  rate  of  the  forged  mater- 
ial. Figure  22  are  macrographs  of  the  structures  of  different 
portions  of  a forged  LY1 1 alloy.  In  the  portion  where  the 
deformation  rate  is  large,  the  cast  grains  are  clearly  deform- 
ed, and  the  transverse  e''  ongation  rate  can  reach  as  high  as 
20i?i.  In  the  portion  where  the  deformation  rate  is  small,  the 
outlines  of  the  cast  grains  can  still  be  discerned,  and  the 
elongation  rate  is  only  2yb, 


Figure  22  Macrostructures  of  Different  Portions  of 
an  Forged  LY11  Alloy 

a Elongation  rate  of  small  deformation  rate  portion 

is  2/6 

b Elongation  rate  of  large  deformation  rate  portion 

is  20^ 


(4)  Structures  of  Alloys  under  Cold-Rolling,  Cold- 
Drawing,  and  Cold-Spinning 

The  structures  of  alloys  under  cold  deformation  process- 
es are  closely  related  to  the  amount  of  deformation,  Wien 
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the  cold  deformation  rate  is  small,  the  shapes  of  the  original 
grains  can  still  be  recognized,  but  the  grains  are  elongated 
somewhat  along  the  deformation  direction.  As  the  defoirmation 
rate  increases,  the  extent  of  grains  being  broken  also  in- 
creases, and  the  outlines  of  the  original  grains  gradually 
disappear*  Figure  25  shows  the  structural  features  of  various 
kinds  of  cold -wrought  products, 

3,  Structures  of  Cast  and  wrought  Products  under 
Heat  Treatments 

(1 ) Structures  of  Ingots  under  Homogenization 

The  homogenization  of  an  ingot  consists  of  heating  the 
metal  close  to  the  solidus  line  or  close  to  the  eutectic 
temperature,  annealing  it  at  the  same  temperature  for  a 

long  period,  and  then  slowly  cooling  it  to  room  temperature. 

The  purpose  of  homogenization  is  to  eliminate  or  diminish 
the  inhomogeneities  in  the  stmictures  and  the  chemical  com- 
positions within  the  grains,  thereby  improving  the  alloy 
texture,  increasing  the  malleability  of  the  alloy,  and  faci- 
litating deformation  during  working,  Por  most  aluminium 
alloys  with  high  strength  and  low  malleability,  homogenization 
can  help  eliminate  or  reduce  the  internal  stresses  caused  by  the 
rapid  cooling  of  the  metal  during  casting,  so  that  the  danger 
of  rupture  can  be  avoided  when  the  ingot  is  being  sawed  or  is 
suject  to  an  impact, 

v/hen  the  ingot  is  heated  in  the  process  of  homogenization, 
it  undergoes  two  opposite  stages  of  structural  changes.  In 
one  stage,  non-equilibrium  eutectic  mixtures  (e,g,  «(A1)  + 

CUAI2,  <^(A1)  + MgSi2,  etc.)  dissolve  in  <v(Al)  to  form  solid 
solutions,  so  that  the  dendritic  network  structures  disappear. 
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or  only  a small  amount  of  residual  dendritic  network  traces 
remains.  In  the  other  stage,  compounds  containing  manganese, 
chromium,  zirconium  are  precipitated  from  supersaturated 
solid  solutions.  During  subsequent  cooling,  particles  of 
soluble  compounds  (e.g,  the  GuAl2»  S(CuMgAl2)  phases,  etc.) 
are  also  precipitated  from  the  solid  solutions  (Figure  8C). 

The  tensile  strength  and  yield  strength  of  the  ingot  do 
not  change  appreciably  after  homogenization,  but  the  elonga- 
tion rate  is  immensely  enhanced  (confer  Table  3 in  the 
Appendixes) . 

In  the  process  of  homogenization,  if  the  alloy  is  heat- 
ed and  subsequently  cooled  at  a very  slow  rate,  Widmanstatten 
structures  will  be  formed  (Figure  24 j,  which  means  that  needle- 
shaped  compounds  will  be  precipitated  from  cx(Al)  along  fixed 
crystalline  planes,  while  maintaining  fixed  orientations 
with  respect  to  one  another.  The  higher  the  temperature 
during  heating,  and  the  slower  the  cooling  rate,  the  thicker 
the  precipiates. 

(2)  Structures  of  Products  under  Recovery  and 
Re crystallization 

When  a wrought  product  has  undergone  the  process  of 
recovery,  it  can  recovers  its  physical  and  mechanical  proper- 
ties that  it  had  before  working,  but  its  structure  has  not 
undergone  significant  changes.  During  the  process  of  reco- 
very of  the  metal,  polygon! zation  occurs  as  a result  of 
climb  of  dislocations  out  of  their  slip  planes,  followed  by 
their  motion  by  slip  into  the  lower  energy  arrays. 

The  subgrains  thus  obtained  are  very  small  in  size,  un- 
observable under  ordinary  optical  microscopes.  They  can  be 
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Figure  24  Widmanstatten  Structure  Obtained  after 
Homogenization  of  an  LY1 2 Alloy  Ingot 
(600  x) 

discerned  only  by  means  of  x-ray  diffractions  or  by  means  of 
electron  microscopes. 

The  recrystallized  structural  features  of  deformed 
aluminium  alloy  products  are  closely  related  to  the  alloy 
compositions,  working  methods,  and  heat  treatment  techniques. 
Industrial  pure  aliiminium  and  alloys  that  have  low  re  crystal- 
lization temperatures,  such  as  Al-Mg  system  alloys,  have 
rather  simple  recrystallized  structures.  After  complete 
recrystallization,  the  grains  becoiae  equiaxed  or  closely  equi- 
axed,  and  the  grain  boundaries  are  rather  straight.  If  alloy 
elements  (e.g,  manganese,  chromium,  zirconium,  etc.)  which 
can  raise  the  recrystallization  temperature  markedly  are 
added  to  the  alloys,  the  re crystallized  structures  will  be 
pronouncedly  different  from  those  mentioned  above.  When  such 
an.  alloy  is  heated  to  the  temperature  rauige  bounded  by  the 
initial  re crystallization  temperature  and  the  final  recry- 
stallization temperature,  the  re crystal 11 zed  grains  will 
appear  to  have  incompletely  closed  or  tooth-shaped  grain 
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boundaries,  and  will  appear  elongated  as  fibres  along  the 
principal  deformation  direction.  For  some  zirconium-added 
alloys,  their  grains  retain  their  fibre  shape  after  recry- 
stallization even  though  the  temperature  during  heating  is 
higher  than  the  recrystallization  temperature  (For  details, 
see  Al-Gu-Mg,  and  Al-Zn-Mg-Cu  system  alloys). 

When  the  alloy  is  heated  to  the  initial  re crystallization 
temperature,  the  first  new  grain  or  a saw-tooth  shaped  local 
grain  boundary  appears.  As  the  temperature  continues  to  be 
raised,  tooth-shaped  or  straighter  grain  boundaries  of  complete- 
ly re crystallized  structures  will  ultimately  be  formed, 

'When  observed  under  polarized  light,  there  first  appear  in  the 
deformed  fibre  structures  of  the  matrix  small  spots  or  short 
and  narrow  bands  that  are  uniformly  colored  and  look  brighter 
than  the  matrix.  These  regions  grow  in  size  and  quantity 
with  increasing  temperature  until  the  deformed  fibre  structures 
completely  disappear.  At  this  time,  the  alloy  has  undergone 
complete  recrystallization  (see  the  recrystallized  structural 
features  of  Industrial-Pure  Aluminium  and  Al-Mg  system  Alloys). 
We  feel  that  the  appearance  of  especially  coarse  and  non- 
uniform  recrystallized  structures  in  alloy  products  are  due 
to  the  occurrence  of  a second  recrystallization. 

The  rate  of  heat  application  has  a pronounced  effect  on 
the  final  granular  sizes  of  deformed  aluminium  alloys.  In 
particular,  manganese-containing  aluminium  alloys  are  very 
sensitive  in  this  respect.  Rapid  heating  produces  fine  grains. 
This  is  because  during  rapid  heating,  the  distorted  grains  do 
not  have  enough  time  to  recover,  and  as  the  diffusion  coeffi- 
cient increases  drastically  with  temperature,  the  number  of 
recrystallization  nuclei  is  greatly  augmented,  so  that  every 
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part  of  the  alloy  undergoes  re crystallization  at  the  same  time. 
Slow  application  of  heat  produces  coarse  grains,  because  in 
this  process,  the  deformed  metal  has  already  undergone  partial 
recovery  before  the  recrystallization  temperature  is  reached, 
thereby  reducing  the  number  of  recrystallization  nuclei,  so 
that  the  grains  obtained  after  re crystallization  are  coarse. 

Rolled  sheets  (especially  cold-rolled  sheets)  have  low 
recrystallization  temperatures  and  narrow  re crystallization 
temperature  ranges.  The  grains  after  complete  recrystalliza- 
tion are  equiaxed  grains,  and  the  grain  boundaries  are  not 
very  curved. 

The  recrystallization  temperatures  of  hot -extruded  pro- 
ducts, especially  those  that  are  extruded  once  and  those  that 
contain  re  crystallization  temperature  raising  elements,  are 
higher  than  those  of  rolled  products,  and  the  recrystalliza- 
tion temperature  ranges  of  the  former  are  wider  than  the 
latter.  When  manganese-containing  alloys  are  heated  in  the 
recrystallization  temperature  range,  incompletely  closed 
recrystallized  structures  with  curved  grain  boundaries  are 
formed.  BesideSi  equiaxed  grains  are  hard  to  obtain  even 
when  the  alloys  are  heated  above  the  final  recrystallization 
temperature . 

(3)  Structures  of  Alloys  under  Annealing 

The  annealing  of  deformed  aluminium  alloy  products  can 
be  classified  into  two  types,  namely,  low -temperature  anneal- 
ing and  high -temperature  annealing.  Low -temperature  anneal- 
ing Includes  the  recovery  treatment  that  eliminates  the 
internal  stresses  in  cold-deformed  products,  the  stabilizat- 
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ion  treatment  of  high  magneBium  content  alloys,  and  partial' 
softening  annealing  for  alloys  of  different  hardness.  The 
structural  changes  in  recovery  treatment  has  been  discussed 
previously.  In  the  process  of  stabilization,  ^(Mg2Al^)  are 
precipitated  on  the  grain  boundaries.  The  temperature  of 
partial- softening  annealing  is  between  the  initial  recry- 
stallization temperature  and  the  final  recrystallization 
temperature.  Therefore,  the  structural  features  in  partial- 
softening  annealing  are  that  on  the  fibre  structures  of  the 
matrix,  there  appear  recrystalliaed  grains,  which  increases 
in  number  as  the  temperature  rises  (For  details,  see  the 
structural  diagrams  in  Figure  1-5  of  Chapter  One  on 
Indus trial- Pure  Aluminium) . 

In  high- temperature  annealing,  alloy  structures  undergo 
marked  changes.  After  high- temperature  annealing,  industrial- 
pure  A1  has  gone  through  recrystallization  only,  but  for 
other  alloys,  decomposition  of  the  '^(^1)  solid  solution  and 
accumulation  of  residual  soluble  compounds  also  occur  in 
addition  to  recrystallization.  Besides  the  compounds, 
decomposed  products  are  also  found  densely  distributed  on  the 
«(A1)  matrix.  Since  the  recrystallization  temperatures  of 
extruded  products  are  usually  high,  most  of  them  do  not  have 
complete  recrystallization  during  annealing . Recrystallized 
grains  are  hard  to  be  distinguished  one  from  another  because 
of  the  densely  distributed  decomposed  products  (Figures  81 
and  8J),  and  have  to  be  discerned  under  polarized  light, 

Wrought  products  exhibit  decrease  in  tensile  strength 
and  yield  strength  but  increase  in  elongation  rate.  These 
changes  in  properties  are  more  pronounced  in  cold-wrnu^t 
products  than  in  hot-wrought  products  (confer  Table  3 in  the 
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Appendixes) . 

(4)  Structures  of  Alloys  under  'Quenching  and  Ageing 

The  application  of  heat  to  semi-finished  wrought 
aluminium  alloy  products  before  quenching  can  cause  the  solu- 
ble hardening  phases  (e.g,  OuAl^*  3(GuMgAl2)»  Mg23i,  etc,)  to 
dissolve  maximally  into  c<(Al).  Subsequent  quenching  will 
make  the  <x(Al)  supersaturated  with  alloy  elements  that  com- 
prise the  hardening  phases.  Accordingly,  under  the  new  Quen- 
ching condition,  the  structures  of  the  products  will  contain 
markedly  fewer  compounds  than  they  had  before  heating,  while 
the  matrices  have  undergone  recrystallization.  If  the  alloys 
contain  elements  such  as  manganese,  chromium,  and  zirconium, 
particles  of  compounds  formed  by  these  elements  with  alumi- 
nium are  also  found  to  be  distributed  over  the  <x(Al)  matrices. 
For  alloys  containing  copper  or  zinc,  the  spaces  between  the 
recrystallized  grains  exhibit  different  degrees  of  contrast 
in  color.  Bigger  contrast  will  indicate  that  there  are 
higher  contents  in  the  solid  solutions  of  the  alloys  (Figures 
8G,  8H,  and  3K) , 

After  quenching,  the  structural  changes  in  the  alloys 
caused  by  ageing  can  only  be  seen  by  means  of  an  electron 
microscope.  Recently,  x-rays  and  electron  microscopes  are 
used  in  combination.  Investigations  of  the  structural 
changes  in  alloys  under  the  ageing  process  reveal  that  the 
decomposition  process  of  «(ll)  is  rather  complicated  in  low 
temperature  ageing.  Table  2 lists  the  decomposition  gradations 
of  supersaturated  'x(Al)  for  several  alloys  during  ageing 
(Shown  in  parentheses  are  alloy  elements  of  the  richly  con- 
gregated solute  atone,  or  are  precipitated  phases  formed  in 
the  process  of  ageing). 
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Of  the  ageing  gradations  of  alloys  mentioned  above,  the 
5P1  and  Gi‘2  stages  ha.ve  complete  lattice  coherency  with  the 
<x(A1)  matrix,  thus  causing  the  alloy  to  harden.  In  particu- 
lar, the  (JP2  stage  has  the  greatest  hardening  effect.  In  the 
transitional  phase  stage,  there  is  partial  lattice  coherency 
with  the  oi{kl)  matrix,  but  the  hardening  effect  is  not  as 
great  as  that  of  the  GP2  stage,  .vhen  the  stable  phase  appears, 
there  is  total  lattice  incoherency  with  the  ®<(A1)  matrix, 
causing  the  alloy  to  soften. 

Investigations  by  means  of  the  electron  microscope  verify 
that  the  shape  of  the  3P  region  is  determined  by  the  differen- 
ces in  size  between  the  solute  atoms  and  the  solvent  atoms. 

For  example,  the  difference  in  atomic  radii  betv/een  A1  and  Gu 
is  rather  large,  and  the  GP  region  is  platelike  in  shape,  so 
as  to  provide  a wider  contact  area  with  the  matrix  and  to 
minimize  distortion  of  the  lattice.  Table  3 shows  the  shapes 
of  the  GP  regions  for  several  principal  alloys. 

We  carried  out  some  studies  by  means  of  the  electron 
microscope  on  the  structures  of  a forged  LD10  alloy  material 
and  an  Lyi2  alloy  foil  during  artificial  ageing,  V/e  found 
that  after  the  LD10  alloy  had  been  annealed  at  500*0  for  60 
minutes,  subsequently  quenched  in  water,  and  then  aged  at 
185*0  for  12  hours,  its  structure  exhibited  a large  quantity 
of  platelike  and  needlelike  bodies  under  the  electTOn  micro- 
scope (Figure  25a),  Analysis  by  means  of  electron  scattering 
verified  that  these  platelike  and  needlelike  bodies  were  both 
of  the  d*(CuAl2)  metastable  phase,  which  had  partial  lattice 
coherency  with  the  <x(Al)  matrix.  Therefore,  the  platelike 
bodies  appeared  semi-circular  in  form,  and  the  adjacent  needle- 
like bodies  ware  actually  the  cross-sections  of  some  platelike 
bodies  in  another  direction.  Figure  25b  is  an  electron 


scattering  picture  of  the  portion  indicated  by  the  head  of 
the  arrow  in  Figure  25a, 

Figure  26  is  the  structure  of  the  LY12  alloy  foil  under 
the  electron  microscope  after  it  has  been  annealed  at  500''C 
for  30  minutes,  subsequently  quenched  in  water,  and  then  aged 
at  170*C  for  12  hours.  The  striplike  structure  indicated  by 
the  head  of  the  arrow  1 is  a dispersed  particle  of  a manganese- 
containing  phase.  One  can  also  see  the  dislocation  lines 
(Arrow  2),  The  fingerprint-like  feature  that  appears  on  the 
grain  boundary  is  the  light  interference  pattern  (Arrow  3). 

The  shapes  of  metastable  phases  of  several  principal 
alloys  are  shown  in  Table  4, 

The  structural  features  under  the  optical  microscope  of 
deformed  aluminium  alloys  in  the  natural  ageing  condition  are 
the  same  as  those  in  the  new  quenching  condition. 

The  structures  under  the  optical  microscope  of  artifici- 
ally aged  alloys  are  similar  to  those  of  naturally  aged  alloys 
in  general.  In  artificial  ageing,  since  the  decomposition  of 
the  o<(A1)  solid  solution  is  accelerated  by  the  high  temperat- 
ure, the  decomposed  products  are  precipitated  more  along  the 
grain  boundaries  and  the  subgrain  boundaries  than  inside 
the  grains  and  the  aubgrains.  Consequently,  the  grain 

boundaries  and  the  subgrain  boundaries  in  this  case  are 
more  susceptible  to  corrosion  than  in  the  case  of  natural 
ageing,  tVe  can  utilize  this  feature  to  study  the  distri- 
bution of  subgrains  in  the  alloys  (For  details,  see  the 
structural  features  of  extruded  products  and  die-forged 
materials  under  artificial  ageing  in  Chapter  Four  on  Al-Cu-Mg 
System  Alloys,  Chapter  Five  on  Al-Mg-Si-Cu  System  Alloys,  and 
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Table  2 Decomposition  Grradatlons  of  Supersaturated 
Solid  Solutions  during  Ageing  for  Several 
Principal  Alloys 


Alloy 

Ageing  Gradations 

ia -4%Gu 

S3  GPC1)(A1,Gu)  -»>GP(2)(Gu)  0*  6{Cvikl^) 

LY12 

SS  GP(Al»Gu,Mg)  ordered  GP  S‘  S(CuMgAl2) 

LY1 1 

SS  GP(Al,Cu)  e»  ©(CuAlj) 

Al-Mg-Si 

SS  — > GP(Mg,3i)  — > ordered  GP  region  -^^(Mg^Si) 

^ ^MCMgZn^) 

SS  — GP(Al,Mg,Zn) 

Al-Zn-Mg 

^T*  TCMg3Zn^Al2) 

Table  3 Shapes  of  GP  Regions  for  Several  Principal 
Alloys 


Alloy  System 

Condition  of  1 

;he  GP  Region 

shape 

Existence  Situation 

Al-Gu 

Al-Mg-3i 

Al-Cu-Mg 

Al-Zn-Mg 

Platelike  I 

Needlelike 

I 

j Need lei ike  or  Spherical 
I Spherical 

Lattice  Coherency 

Lattice  Coherency 

Lattice  Coherency 

Lattice  Coherency 

Table  4 Shapes  of  Metastable  Phases  for  Several 
Principal  Alloys 


Alloy  System 

Condition  of  the  Metastable  Phasp 

Metastable  Phase 

Shape 

Al-Cu 

©• 

Platelike 

Al-0«-I^ 

S* 

Spherical 

Al-Mg-3i 

\ 

Rodlike 

Al-Zn-Mg 

Platelike 
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Figure  25b 

Electron  Scattering  Picture 
of  the  Portion  Indicated  by 
the  Arrow  Head  in  Figure  25a 


Figure  25a  12000  x 
Electron  Micrograph  Taken  by 
Once-Oollected  Sprayed-Garbon 
Duplication  Method 


Electron  Micrograph  Taken  by  Means  of 
Metal  Thin-Film  Method 
26000  X 


Chapter  Six  on  Al-Zn-Mg-Gu  System  Alloys), 

Cold  working  of  the  alloys  after  quenching  can  facili- 
tate the  decomposition  of  o^(Al)  solid  solutions  and  acceler- 
ate ageing.  However,  cold  working  following  artificial  age- 
ing will  not  cause  the  above  structural  changes.  The  struc- 
tures will  only  exhibit  the  broken  features  peculiar  to  cold 
working. 

If  the  temperature  is  too  high  when  heating  the  alloy 
before  quenching,  over-firing  will  result.  At  this  time, 
the  alloy  structures  will  exhibit  re-melted  eutectoids  that 
are  spherical  in  shape,  and  the  grain  boundairies  become 
coarsened.  Moreover,  some  portions  become  shuttle-shaped, 
and  the  grain  boundaries  appear  "frayed";  the  junctions  where 
three  grains  meet  will  take  on  trianguiLar  shapes.  These  are 
some  of  the  over- fired  structural  features  (Figure  27) » which 
are  the  results  of  the  re-melting  of  the  eutectic  structures 
when  the  temperature  during  heating  exceeds  the  minimum  eut- 
ectic temperature  of  the  alloy.  When  an  alloy  product  is 
over-fired,  the  above-mentioned  over-fired  structural  features 
do  not  necessarily  appear  simultaneously.  Any  slight  over- 
firing  of  the  alloy  will  seriously  diminish  its  ability  again- 
st fatigue,  even  though  its  strength  does  not  decrease,  or  may 
even  increase.  Therefore,  over-fired  products  must  be  declared 
unusable.  For  coated  aluminium  sheets,  prolonged  annealing 

will  cause  the  Cu  atoms  of  the  alloys  in  the  matrices  to 
diffuse  into  the  coated  aluminium  layers.  Moreover,  since 
diffusion  takes  place  more  easily  along  the  grain  boundaries 
than  inside  the  grains,  a concentration  gradient  of  Cu  atoms 
are  formed.  Therefore,  beardlike  structures  will  appear  in 
the  coated  Al  layers  at  the  end,  which  is  an  indication  of 
the  diffusion  of  Cu  (Figure  28),  As  soon  as  the  beardlike 
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structures  penetrate  the  coated  aluminium  layers,  the 
ability  of  the  sheets  against  corrosion  will  be  drastically 
reduced.  Accordingly,  the  duration  of  annealing  at  constant 
temperature  before  quenching  has  to  be  properly  adjusted. 
During  quenching,  if  the  temperature  of  the  quenching  medium 
is  too  high  or  if  the  product  is  exposed  to  air  too  long, 
decomposition  of  the  «(Al)  solid  solution  will  ensue.  Pre- 
cipitates will  begin  to  emerge  along  the  grain  boundaries, 
causing  the  latter  to  become  coarsened,  which  are  often 
mistaken  as  due  to  over-firing,  .vhen  the  coaling  rate  is 
too  slow,  particles  of  precipitation  will  also  be  found 
inside  the  grains  (Figure  29). 

N.B.  In  the  General  Discussion  and  the  following 
chapters  in  this  book,  we  introduce  summarily  the  structural 
features  of  deformed  aluminium  alloys  under  various  working 
and  heat  treatment  conditions.  The  appearance  of  these 
structures  is  restricted  to  cases  under  the  usual  existing 
technical  conditions.  In  regard  to  the  structural  changes 
in  some  special  working  and  heat  treatment  conditions,  they 
can  be  treated  as  special  topics  of  interest. 
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Figure  27 


> 


Over-Fired  structure  of  a Quenched  LY1 2 
lixtruded  Hod  (Annealed  at  515*0  for  One 
Hour,  Quenched,  and  Etched  in  an  Aqueous 
Solution  of  Mixed  Acids;  210x) 


Figure  28  Diffusion  of  copper 
into  the  coated  AluminiULU  Layers 
of  an  LY12  CZ  Sheet  (Etched  in 
an  Aqueous  Solution  of  Mixed 
Acids;  150x) 


Figure  29  An  LY12  Alloy 
Sheet  Annealed  at  500“ C for 
45  Minutes  and  Quenched  in 
a Furnace  at  150*0  (Etched 
in  an  Aqueous  Solution  of 
Mixed  Acids;  210x) 
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ChAj.TiiR  ONii  I*-.iJUo'i'rtlyiL-'i  UAi:-  ALUiill^IUW 

Pure  aluminium  has  the  following  properties  : low  speci- 
fic gravity,  good  electrical  conductivity,  high  thermal  con- 
ductivity, high  latent  heat  of  fusion  , high  optical  reflec- 
tivity, small  neutT’on  absorption  cross-section,  and  lustrous 
appearance.  ..hen  it  is  exposed  to  air,  a thick  and  firm  film 
of  oxide  is  formed  on  its  surface  which  prevents  further  en- 
trance of  oxygen,  thus  rendering  it  corrosion  resistant, 

Section  1 Impurity  Contents  and  Phases  Formation 

Labels  and  impurity  limits  of  currently  available  pure 
aluminium  are  listed  in  Table  1-1  : 


Sable  1-1  Labels  and  Impurity  Limits  of  Pure  Aluminium 


Iron  and  silicon  are  the  chief  impurities  in  industrial- 
pure  aluminium.  Other  impurities  include  copper,  zinc,  raag- 
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L-2  affect-  of  irapuritiee  on  and  S of  lure  Alu.aia: 


1 04^m/itrY 
C*MT£*vX  <%> 

1 

300*C 

500*C  /fvut^LeD 

<^..1 

f ) 

<3 

(.%■) 

( } 

<5 

(%) 

<5 

(%) 

U-i-r-M  - f^uKe  •• 

11.0 

13.3 

3.5 

3.8 

6.9 

29 

1.3  1 4.6 

28 

w.)w  Fe  0.014 

11.1 

13.6 

3.2 

7.6 

9.2 

19 

1.4  5.0 

34 

0.10 

12.2 

14.5 

3.5 

9.5 

10.4 

15 

2.1  6.4 

34 

0.31 

13*6 

15.8 

3.5 

10.6 

11.8 

12 

2.5  7.2 

36 

0.66 

15.0 

17*5 

4.6 

11.5 

12.7 

10 

3.2  8*5 

40 

Si  0*051 

12.0 

14.2 

3.1 

3.1 

7.3 

33 

1.7  5.2 

25 

0.11 

12.6 

14*4 

3.4 

3.0 

6.4 

32 

1.8  5*4 

20 

0*19 

13.3 

15*1 

4.1 

3.1 

7.7 

37 

1.9  6*0 

18 

0*50 

14.8 

17*0 

4.S 

3.3 

8.1 

37 

2.0  7*3 

20 

0.89 

16.2 

19*0 

4.6 

3.5 

8.7 

34 

3.2  9*7 

28 

wm  Cu  0*050 

11.5 

14.3 

4.3 

3.0 

6.3 

27 

1.5  4,6 

21 

0.060 

12.5 

14,0 

3.4 

3.0 

6.7 

31 

1.6  4,7 

19 

0.20 

13.0 

15*5 

2.9 

3.3 

7.8 

31 

1.7  5.3 

25 

0.43 

15.0 

17.6 

2.6 

3.4 

8.1 

31 

1.9  5.9 

24 

0*66 

17.0 

18*6 

2.7 

3.6 

8.6 

32 

1.9  6.8 

22 

***^  Zn  0.053 

11.5 

13.6 

4.6 

2.5 

6.4 

32 

1.4  4.3 

27 

0.10 

11.7 

13.6 

2.9 

2.4 

6.2 

33 

2.4  4.4 

31 

0.20 

11.1 

13.0 

3.4 

2.5 

6.2 

37 

1.3  4.4 

30 

0*47 

11.6 

13.7 

2.6 

2.5 

6.0 

33 

1.4  4.3 

24 

0.69 

11.4 

13.3 

2.9 

2.6 

6.3 

34 

1.4  4.5 

24 

0*057 

12.3 

14.1 

2.6 

2.8 

6.7 

28 

1.4  4.5 

25 

0.11 

13.3 

14.6 

3.2 

3.2 

7,6 

30 

1.5  4.7 

26 

0.20 

14.5 

15.5 

2.9 

4.1 

8.0 

26 

1.8  5.1 

24 

0*47 

16.2 

17.4 

3.0 

4.4 

9.5 

24 

2.4  6.3 

22 

0.87 

16.4 

19.6 

3.1 

5.7 

11.8 

21 

3.3  8.2 

20 

0.047 

12.1 

14.0 

4.2 

5.9 

8.4 

18 

1.3  4.4 

27 

0*10 

12.8 

14.0 

3.8 

7.8 

9.8 

14 

1.6  4.9 

28 

0.20 

13.0 

14.3 

3.2 

10.4 

10.9 

' 9 

1.9  5.9 

29 

0.465 

13.0 

15.8 

4.5 

12.9 

14.1 

7.3 

2.8  7.0 

26 

0.75 

14.5 

16.8 

3.5 

13.7 

15,4 

6.3 

3.5  8.0 

1 

25 

Figure  1-1  Effects  of 

Impurities  on  the  Electrical 

Conductivity  of  highly  Pure 

Aluminium  ( 320°C , 3 hr., 
Annealed) 

ed  by  silver  and  magnesium, 
have  rather  little  influence. 


nesium,  manganese,  and  titan- 
ium, Their  effects  on  the 
mechanical  properties  of  pure 
aluminium  are  listed  in 
Table  1-2. 

\ 

Impurities  have  a defin- 
ite effect  on  the  electrical 
conductivity  of  pure  Al,  V.'hen 
the  contents  of  impurities 
increase,  its  electrical  con- 
ductivity decreases.  From 
Figure  1-1 , it  can  be  seen 
that  manganese,  titanium,  and 
vanadium  lov/er  the  electrical 
conductivity  markedly,  follow- 
Copper,  silicon,  nickel  and  iron 


The  existence  of  impurities  disrupts  the  continuity  of 
the  oxide  film  formed  on  the  surface  of  aluminium,  thereby 
decreasing  its  corrosion  resistance.  Accordingly,  the  higher 
the  contents  of  impurities  in  Al,  the  lower  its  corrosion 
resistance.  For  example,  copper  and  iron  can  decrease  uhe 
corrosion  resistance  of  aluminium  markedly,  Ilovever,  when 
one  ratio  of  impurities  Fe/Si  ^2,  the  ability  of  Al  against 
corrosion  in  agitated  media  at  high  temperature  can  be  iaproved. 
The  solid  solubility  of  Si  in  Al  decreases  witn  temperature, 
so  the  precipitation  of  Si  from  the  ‘X(Al)  solid  solution  at 
low  temperature  can  accelerate  the  corrosion  of  Al, 

Some  figures  of  the  physical  and  technical  properties  of 
pure  aluminium  are  listed  in  Table  1-5  : 
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Table  1-3 


physical  and  Technical  properties  of  Pure  A1 


pnysical  and  Tech- 
nical Properties 

1 digh-a.'urity  ^1 
(99.996%  Al) 

Industrial- iiire  /il 
(99.0%  Al) 

specific  dravity 
^20“  G) 

2.6969  gm/c.c. 

2,71  gm/ c , c , 

resistivity  20°C 

2,6548  micro-ohni-cm 

2,900  micro-ohm-cra 

Young's  i-iociulus 

1 6999,2  kg/ mm 

7087,1  kg/ ram 

neutron  Absorption 

Gross-section 

0,22  barns 

i'ielting  Point 

660, 2“G 

Liquid  Phase  Point 

b57'G 

Golid  Phase  Point 

1 

b43'G 

1 

Crystalline 

structure  1 

Face  Center  Cubic 

a = 4.0497  A 

Face  Center  Cubic 

a = 4.0400  %. 

lasting  Temperature 

o73-Y30*G 

Jry stall! sation 

Contraction 

b,o  % 

xiot  Deformation 

1 

Te-nr-erature  rlange 

210-520"C 

From  the  Al-Fe  equilibrium  diagram  (Figure  1-2) , it  is 
apparent  thai,  at  the  eutectic  temperature  the  maximum  solu- 
bility of  Fe  in  Al  is  0,32%,  When  the  Fe  content  exceeds 
0,32/j,  the  structures  formed  are  proeutectic  «(A1)  and  the  eu- 
tectic a(Ai)  + FeAl^  mixture,  i.'hen  the  iron  content  exceeds 
1,9/0  (as  in  Al-Fe  intemediate  alloy),  the  structures  formed 
are  proeutectic  FeAl^  and  the  eutectic  «(Al)  + FeAl^  (Figure 
I-b). 


According  to  the  Al-Si  equilibrium  diagram  (Figure  1-3) t 
ao  the  eutectic  temperature,  the  maximum  solubility  of  3i  in 
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ill  is  1.65/j,  but  at  room  teiiiperature , it  drops  below  0.05,'9. 
when  the  Ji  content  exceeds  12,6/i  (as  in  Al-^i  inter. .ediate 
alloy),  the  structures  formed  are  proeutectic  ...i  and  the  eu- 
tectic o<(Al)  T oi  mixture  (Figure  1-7). 

It  is  apparent  from  Figure  1-4  that  in  the  liquid  phase 
zone  near  the  Al-rich  portion  of  the  Al-Fe-^i  equilibrium 
diagram,  there  also  exist,  besides  the  di  and  FeAl  phases, 
the  «(Pe^JiAl.|  2)  phases.  c^Fe^^i ll.^ 2)  can 

be  found  in  an  alloy  containing  2.3,j  3i  and  o.hn  Fe.  fhere 
is  also  some  residual  FeAl^^  surrounded  by  <v'(Fe^ji  a1  ij  2)  due 
to  incomplete  peritectic  reaction  (Figure  1-3).  Iroeutectic 
Aj’e23i.,Alg)  and  the  eutectic  cx(Ai)  + + 3i  mix- 

ture can  be  found  in  an  alloy  containing  3.1,1  3i  and  2.2,1  Pe 
(Figure  1-9).  For  an  alloy  containing  0,2o>a  Fe  cuid  Si, 

the  oc(ai),  cxCFe^SiAl.^  2) » pnases  exist 

simultaneously  (Figures  1-10  to  1-1 '3). 

After  the  re-.melting  and  subsequent  slov -cooling  of  in- 
gots of  industrial -pure  Al  made  by  semi-continuous  easting, 
the  a(Al),  <x(Fe.^brAl,j2)  and  PeAi^  phases  can  be  found  in  the 
structures  of  the  Lo  and  L4  alloys,  while  free  3i  and  /^(.Fe^ 
3i^Alg)  phases  can  be  found  only  in  industrial  Al  with  high- 
er impurxty  contents.  (Figures  I-l4  to  I-17) 

The  features  of  the  phases  are  described  as  follows  : 


FeAl-^  : Proeuteocic  FeAl^  appear  in  the  form  of  needles 

or  slender  strips.  Before  etching,  they  are  greyisn  in 
(Figure  1-6)  ^ 

color.y^  ikiter  etching  in  a solution  of  20  ml  ^i2^^4 

ii^O  at  lor  9-10  seconds,  some  of  the  FeAl^  dissolve  in- 

to the  solution,  and  the  remaining  FeAl^  appear  dark  brown 
in  color,  when  observed  under  polarized  light,  FeAl^  shows 
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a dark- colored  rim 


Ixs  microhardness 


2 

is  960  kg/mra  , 

«(Fe^oiAi^2)  • d'his  phase  contains  i'e  and  5.0% 

3i,  Proeuteccic  <?<(Fe^3iAi^  2 ) ^.n  irregular  laminar  shape, 

v.'hereas  c<(Fe^SiAl^  2 ) eutectic  mixture  is  Oone-shaped, 

Before  etching,  it  is  bright  grey  in  color.  After  etching 
with  a solution  of  20  ml  h220^  + 80  ml  ri20,  the  color  turns 
dark.  There  are  black  rims  at  the  junction  where  it  meets 
with  «(A1)  (Figure  1-11).  Its  microhardness  is  550 

5o0  kg/mm^, 

5(Fe_Si„Al-, ) ; This  phase  contains  29.1%  Fe  and  14.0% 

229'  (Figure  1-7) 

3i,  and  has  the  shape  01  a pine-needle  or  a slender  strip, ^ 

Before  etching,  it  is  greyish  in  color.  After  etching  v/itn 

a solution  of  0,5  ml  hF  + 99.5  ml  the  color  turns  to 

dark  brovm,  »vhen  observed  under  polarized  light,  it  snows  a 

bright-colored  rim.  Its  microhardness  is  578  kg/mm‘^, 

3i  : Proeutectic  3i  appear  to  be  polygons  v/itn  smooth 
edges,  eutectic  mixture  assume  the  form  of 

etrips./j  Si  is  not  easily  etcned.  Before  etching,  it  has  a 
sparkling  grey  coloi.  After  etching,  the  sparkling  is  redu- 
ced. Wnen  observed  under  polarized  lignt,  it  shov's  a pink 
reflection.  Its  microhardness  is  1380  kg/mm  , 

jixcept  for  Si,  the  above  phases  can  be  made  visible 
by  various  other  etching  reagents.  See  Table  4 in  the 
Appendixes  for  details. 

Section  2 Properties  under  Heat  Treatments 

Industrial-pure  Al  cannot  be  hardened  by  means  of  heat 
treatments.  Its  strength  can  only  be  improved  by  cold  work- 
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ing  methods,  The  structures  and  properties  of  pure  Al  sheets 
made  oy  continuous  casting  and  spinning  and  subsequent  cold- 
hardening  will  exhibit  changes  during  the  heating  cycle  of 
the  annealing  process,  Jjrom  if'igure  I-ij,  it  can  be  seen  that 
the  strength  and  elongation  rate  do  not  change  appreciably 
when  annealing  is  taken  place  below  200 ®C,  The  material  still 
maintains  its  deformed  fibre  structure.  At  200 “C,  the 
strength  decreases  mancedly,  while  the  elongation  rate  in- 
creases, There  appear  a small  number  of  re crystallized  grains 
in  the  deformed  fibre  structure,  thus  proving  that  recrystal- 
lization has  already  been  taken  place  in  the  material.  At 
100*0,  the  strength  and  elongation  rate  exhibit  drastic 
changes,  A large  number  of  re crystallized  grains  of  various 
sizes  appear  in  the  deformed  fibre  structure  of  the  material, 
although  recrystallization  is  still  not  yet  complete.  Ax 
400 "0,  the  strength  continues  to  decrease,  while  the  elonga- 
tion rate  increases  markedly.  At  this  time  recrystallization 
is  complete,  ihe  deformed  fibre  structure  has  changed  entire- 
ly into  one  that  contains  uniiorm  crystal  nuclei,  when  tne 
annealing  temperature  reaches  ibO*G,  the  strength  remains  the 
same,  whereas  tne  elongation  rate  decreases.  At  this  time, 
the  crystal  grains  of  the  material  become  very  coarse  and  non- 
uniform.  During  the  annealing  of  pure  Al,  the  change  in 
strength  occurs  100*0  earlier  than  tne  change  iix  elongation 
rate.  This  fact  is  worth  noticing  when  choosing  the  anneal- 
ing technique  for  half-hard  temper  products. 

The  structures  and  properties  of  Indus trial -pure  Al  are 
determined  by  the  impurity  contents,  working  methods,  and 
annealing  techniques,  TTom  the  recrystallization  temperature 
figures  in  lable  1-4,  it  is  apparent  that  the  recrystalliza- 
tion temperature  increases  with  the  impurity  content.  The 
impurities  iron  and  silicon  have  a definite  effect  on  the 
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crystal  grain  sizes.  when  the  conteni.  of  fe  is  greater  than 
thao  of  Si,  the  grains  obtained  are  smaller  in  size  than 
those  when  the  content  of  5i  is  greater  than  that  of  Fe.  The 
higher  the  te.uperature  used  in  hot  rolling  the  smaller  will 
the  grain  size  be  for  the  Al  sheet  after  annealing. 


Figure  jsrfects  oX  Annealing  Tenperature  on  the 

Structures  ana  i:Toperties  of  a 1.0  ram  thick 
L2  Indus trial -Pure  Aluminium  Sheet  Made  by 
Oontinuous  Casting  and  Spinning  and  Subsequent 
Bolling 
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Section  3 Structures  of  Cast  and  wrought  IToducta 


1,  Formation  of  Phases 


Figure  1-6 


21  Ox  Figure  1-7 


210x 


Alloy 

Condition 


Etching 

StructuraJL 

features 


Al-10.53?bFe 

Alloy 

Al-17.25%Si 

Remelted  at  SOO'^G, 

Condition 

Remelted  at 

cooled  slowly  to 

710*C,  cooled 

530*0,  annealed  for 

rapidly  to 

3 hours , and  quen- 

room tempera- 

ched in  water 

ture 

Not  etched 

Etching 

Not  etched 

1 — primary  FeAl^ 

Stinictural 

1 ~ Primary  3i 

2 — FeAl^  in  the 

features 

2 — oc(Al)  + Si 

fx(Al)  + FeAl^ 

eutectic 

eutectic 

mixture , 

mixture. 

Figure  1-8 


Alloy 

Condition 

Etching 

Structural 

features 


Al“5.5/ii‘e-2.3%3i 
As  cast 
(Slow-cooled) 

Not  etched 

1 — «(Fe^3iAl^2^ 

2 — FeAl^ 

3 — Si  in  the 

o<(Al)  + Si 

eutectic 

mixture. 


Alloy 

Condition 

Etching 

Structural 

features 


21  Ox 


Al-2.2>6Fe -8. 185^31 
As  cast 
(Slow-cooled) 

Not  etched 

1 — proeutectic 

5(Fe2Si2Alg) 
grey  strips 

2 — Si  in  the 

e<(Al)  ^ Si 

eutectic 

mixture. 
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Allo"  Same  as  Figure  1-10 

Condition  As  cast 

(Slow-cooled) 

Etching  20inl  H2S0^  + SOral 

H2O 

Structural  1 — of'CFe^SiAli  o) 


Alloy  Al-0,2bi'Ojje— 2,0/jbi 

Condition  As  cast 

(Slow-cooled) 
Etching  Not  etched 

Structural  1 — <x(Fe^SiAl^  2) 
features  bright  grey, 

bone-shaped 

2 — ^(Fe23i2Alg) 

bright  grey, 
needlelike  or 
strip-shaped 

3 — Si,  deep  grey, 

strip-shaped. 


dark  grey 
2. — ^(?e2Si2Alg) 
light  grey 
3 — Si,  not 

affected  by 
etching,  re- 
mains deep 
grey. 


Figure  1-12 


210x 


Figure  1-1 3 


21  Ox 


Alloy 

Same 

as  Figure  1-10 

Alloy 

Same  as  Figure  1-10 

Condition 

As  cast (Slow-cooled) 

Condition 

As  cast(Slow-cooled) 

Kt ching 

Not 

etched 

Etching 

0,5ml  HF  + 99.5ml 

Structural 

1 — 

H2O 

features 

2 — 

bright  grey, 

needlelike 

Si  in  the 
(X(A1)  + Si 
eutectic 

mixture . 

Structural 

features 

1 — ^(Fe^Si^Alg) 

brown 

2 — Si  in  the 

<x(Al)  + Si 
eutectic 

mixture  is  not 

affected  by 
etching. 

Figure  1-15 


Alloy 

L4 

Alloy 

L4 

Condition 

As  cast (Ingot  made 

Condition 

Same 

by  semi-continuous 

1-14 

process  was  remelt- 

Etching 

20ml 

ed  at  750 "C,  slow- 

30ml 

cooled  to  600"C, 

Structural 

1 — 

annealed  for  3 

features 

hours,  cooled  in 

2 — 

furnace  to  400" C, 
and  quenched  in 
water. ) 

Etching  Not  etched 

Structural  1 — FeAl^ 
features  light  grey, 

strip-shaped 

2 — »<(?e5SiAl^2) 

bright  grey, 
bone-shaped , 


210x 

as  Figure 

H2SO4  + 

H^O 

FeAl^ 

black 

«(Fe^SiAl^  2 
color 
becomes 
dull. 
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Figure  1-16 

210x 

Figure  1-17 

Alloy 

L6 

Alloy 

Condition 

Serai- continuously 

Condition 

cast 

• 

Etching 

20ml  H230^  + SOml 

Structural 

H2O 

1 — o<(Fe5SiAl^2^ 

features 

color  becomes, 

dull 

2 — FeAl^ 

Etching 

black. 

Structural 

features 

210x 

L6 

As  cast (Ingot  made 

by  semi-continuous 
process  was  remelt- 
ed at  750*G,  cooled 
in  furnace  to  400" C 
and  quenched  in 
water. ) 

20ml  H230^  + SOml 
H2O 

1 — FeAl^,  black 

2 — e><(Fe^3iAl^  2) 

color  becomes 
dull. 
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2 


structures  of  Iiiiiots 


Alloy  pnd  Goudition 
Specification 
Stching  reagent 
Structural  features 


L2,  made  by  seni continuous  casting 
^1  9 2 ram 

75al  HGl  + 25ml  HKO..  + 5ral  H? 
liacro graph;  the  peripheral  region, 
about  5mm  thick,  are  composed  of 
small  equiaxed  grains  sprinkled  -with 
columnar  grains;  the  next  layer 

is  the  columnar  grain  region, 
about  20mm  thick;  the  remaining 
portion  is  composed  of  relatively 
large  equiaxed  grains. 
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Figure  1-19 

210X 

Figure  1-20 

100x 

Specimen  has  been  electro- 

Alloy  and 

L2,  made  by  semi- 

polished  and  Anodized 

condition 

continuous  cast- 

ing 

Specifi- 

^1 92mni 

Alloy  and 

Same  as  Figure 

cation 

Condition 

1-19 

Etching 

50%  HF  aqueous 

Specifi- 

Same as  Figure 

reagent 

solution 

cation 

1-19 

Structural 

Structure  in  the 

Structural 

Structure  of 

features 

transverse  direc- 

features 

Figure  1-19  under 

tion  of  the  middle 

polarised  light; 

region  at  the  base 

size  and  shape  of 

of  the  ingot, 

the  grains  are 

appears  as  a den- 
dritic network; 

cells  of  the  net- 
work are  sparse 
amd  discontinuous. 

visible. 
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Structures  of  Sheets  and  Foils 


Figure  1-22  1 

Structures  of  an  Electro' 
polished  and  Anodized 
Specimen  under  Polarized 
Light  (Color) 


Figure  1-21 

Etched  in  5094  HP  Aqueous 
Solution 


Figure  1-24 

Structures  of  an  Electro 
polished  and  Anodized 
Specimen  lander  Polarized 
Light  (Color) 


Figure  1-23 

Etched  in  5094  HP  Aqueous 
Solution 


Alloy  and  Condition  L2B  (Hot- rolled  at  360* C) 

Specification  lOmm  thick 

Structurail  features  Figures  1-21  and  1-22  are  the  longitu- 
dinal structures  of  the  portions  close 
to  the  sheet  surface.  Figures  1-23  and 
1-24  are  the  longitudinal  structures 
of  the  central  region  of  the  sheet. 
Compounds  have  been  broken  and  re- 
arranged in  arrays  along  the  principal  . 
deformation  diraction  in  which  rolling 
is  applied.  The  structures  have  not 
undergone  recrystallization;  they  are 
of  the  deformed  fibre  structures. 


Figure  1-25  21 Ox 

Etched  in  50>6  HF  Aqueous 
Solution 


Figure  1-26  lOOx 

Structure  of  an  Electro- 
polished  and  Anodized  Specimen 
under  Polarized  Light  (Color) 
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Figure  1-27 

Etched  in  50/o  HP  Aqueous 
Solution 


210X 


Alloy  and  Condition 
Specification 
Structural  features 


Figure  1-28  lOOx 

Structure  of  an  Electro- 
polished  and  Anodized  Specimen 

under  Polarized  Light  (Color) 

L2E  (Hot-rolled  at  520“ C) 

10mm  thick 

Figures  1-25  and  1-26  are  longitudinal 
structures  of  portions  close  to  the 
sheet  surface.  Figures  1-27  and  1-28 
are  longitudinal  structures  of  the 
central  region  of  the  sheet.  Compounds 
have  been  broken.  When  compared  with 
Figures  1-21  and  1-24,  "the  sheet  is 
known  to  be  undergone  recrystallization 
after  hot  rolling  at  520*G,  The  portion 
close  to  the  surface  has  undergone  com- 
plete re crystallization,  and  the  grains 
approach  equiaxed  shapes.  The  central 
region  has  undergone  lesser  extent  of 
recrystallization,  and  retains  the 
deformed  fibre  structure. 


21  Ox  Figure  I~30  lOOx 

Structure  of  an  Ble-ctro- 
polished  and  Anodized  Specimen 
under  Polarized  Light  (Color) 


Figure  1-29 

Etched  in  50%  HF  Aqueous 
Solution 


mm 


Figure  1-32  Wx 

Structure  of  an  Electro- 
polished  and  Anodized  Specimen 
under  Polarized  Light  (Color) 


Figure  1-31 

Etched  in  50%  HP  Aqueous 
Solution 


L2R 

10mm  thick 

Figures  1-29  and  1-30  are  the  structures 
of  the  outermost  surface  where  the 


Alloy  and  Cond ition 
Spe  cification 
Structural  features 


the  sheet  comes  into  contact  v/ith  the  roller 
when  the  sheet  is  hot-rolled  at  520‘’C.  This 
area  has  undergone  complete  recrystallization. 
Since  the  central  does  not  suffer  much  deform- 
ation due  to  elongation,  the  compounds  are  not 
uniformly  distributed  after  they  have  been 
broken,  and  the  residual  cast  structure  is 
clearly  visible, 

Fijiires  1-31  and  1-32  are  the  structures  of  the 
outermost  surface  where  the  sheet  comes  into 
contact  with  the  roller  when  the  sheet  is  hot- 
rolled  at  360* G,  This  area  has  not  undergone 
complete  recrystallization.  There  are  only 
small  traces  of  recrystallized  grains  in  the 
deformed  structure  of  the  matrix.  The  compounds 
are  not  broken  to  as  good  an  extent  as  in  the 
case  of  520* G hot  rolling.. 
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21  Ox  Figure  1-34 

Specimen,  has  been  electro 
polished  and  anodized 


Alloy  and  L2Y  Alloy  and  L2Y 

condition  condition 

Specifi-  O.Smifl  Specifi-  0,8mm 

cation  cation 

Etching  50%  HF  aqueous  Etching  50%  HF  aqueous 

reagent  solution  reagent  solution 

Structural  Longitudinal  Structural  Structure  of 

features  structure  of  the  features  Figure  1-33  under 

sheet:  the  deformed  polarized  light; 

structure  is  finer  appeal's  as  deformed 

and  denser  than  fibre  structure, 

that  due  to  hot- 
rolling  deformation. 

Compounds  that  have 
been  broken  are 
arranged  along  the 
hot-rolling  direction 
in  arrays. 


Figure  1-35  21  Ox  Figure  1-36  lOOx 

Specimen  has  been  electro- 
polished  and  anodized 


Alloy  and 

condition 

L2M 

Alloy  and 
condition 

L2M 

Specifi- 

cation 

O.Sima 

Specifi- 

cation 

O.Smm 

Etching 

50%  HF  aqueous 

Etching 

50%  HP  aqueous 

reagent 

solution 

reagent 

solution 

S tructural 

Longitudinal 

Structural 

Structure  of 

features 

structure  of  the 

sheet.  Deformed 

fibre  structure 

is  no  longer 

visible  after 

annealing.  Com- 
pounds are  still 
arranged  in  arrays 
along  the  hot- 
rolling  direction. 

features 

Figure  1-35  under 
polarized  light. 

The  material  has 

undergone  complete 
recrystallization. 
The  grains  are 

fine  and  uniform. 
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Figure  1-38  lOOx 

Specimen  has  been  electro - 
polished  and  anodized  (color) 


Figure  1-37 

Specimen  has  been  electro 
polished  and  anodized 


Alloy  and  L1M 
condition 

Specifi-  0,05nun 

cation 

Structural  Completely 
features  recrystallized, 

Equiaxed  grains 


Alloy  and  L1M 
condition 

Specifi-  0,12nim 

cation 

Structural  Completely 
features  recrystallized. 

Equiaxed  grains 


Figure  1-39  lOOx 

Specimen  has  been  electropolished  and  anodized 


Alloy  and  condition  L1M 
Specification  0,007  nm 

Structural  features  Completely  re crystallized. 

Grain  boundaries  are  smooth 
and  straight.  Grains  are 
fine  and  uniform. 
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4.  Structures  of  Extruded  Products 


Figure  1-40 


Alloy  L2R 
and 

condition 

Specification  - >z^90  mm  rod 


Etching  75  ml  hCl  + 25  ml 
+ 5 ml  HF 


Figure  1-41 


Struc- 

tural 

feat- 

ures 


Figures  1-40  & 

1-41  are  the 
transverse  macro- 
structures  of  the 
front  and  rear 
ends  respectively. 
The  peripheral  re- 
gion at  the  front 
end  is  the  fine- 
grain  region,  about 
10mm  thick.  The 
middle  and  central 
portions  still  re- 
tain the  cast  grain 
outlines.  The  rear 
end  has  recrysteil- 
lized  structure 
with  fine  grains. 

The  half-moon  shaped 
crystallization  zone 
at  the  center  is  a 

mark  left  by  the 
retraction  of  metal 
flow  at  the  end  of 
extrusion. 


m 


Figure  1-42  21  Ox 

Etched  in  50%  HF  Aqueous 
Solution 


Alloy  and  condition 
Specification 
Structural  features 


L2K 

^90 nun  rod 

Figures  1-42  and  1-43  are  the  longitudinal 


Figure  1-43  100x 

Structure  of  an  islectro- 
polished  and  Anodized  Specimen 
under  Polarized  Light 


Figure  1-44  210x 

Etched  in  50%  HF  Aqueous 
Solution 


Figure  1-45  100x 

Structuire  of  an  Electro- 
polished  and  Anodized  Specimen 
under  Polarized  Light 


structures  of  the  portion  close  to  the 
surface  at  the  front  end  of  the  rod. 

This  portion  has  undergone  conplete 
recrystallization.  The  compounds  have 
heen  broken,  and  are  rearranged  in 
arrays  along  the  extrusion  direction. 
Figures  1-44  and  1-45  are  the  longitudinal 
structures  of  the  central  portion  at 
the  front  end  of  the  rod.  Since  the 
extent  of  deformation  is  small,  the 
compounds  are  broken  to  a lesser  extent 
here  than  at  the  surface.  The  subgrains 
formed  due  to  deformation  (broken  pieces 
of  the  grains)  are  clearly  visible  in 
the  structure. 


21  Ox  Figure  1-47  100x 

Structure  of  an  Electro- 
polished  and  Anodized  Specimen 
under  Polarized  Light 


Figure  1-46 

Etched  in  30'A  HF  Aqueous 
Solution 


iJ 


21  Ox  Figure  1-49  lOOx 

Structure  of  aa  Electro- 

polished  and  Anodized  Specimen 
under  Polarized  Light 


Figure  1-48 
Etched  in  50'7( 
Solution 


F Aqueous 


Alloy  and  condition  L2R 

Specification  ^35nini  rod 

Structural  features  Figures  1-46  and  1-47  are  the  longitudinal 

structures  of  the  portion  close  to  the 
edge  at  the  rear  end  of  the  rod.  This 
portion  has  undergone  complete  recrystal- 
lization and  exhibits  equiaxed  grains. 

The  compounds  have  been  broken  and  are 
rearranged  in  arraiys  along  the 
extrusion  direction. 

Figures  1-48  and  1-49  are  the  longitudinal 
stmictures  of  the  central  portion  at  the 
rear  end  of  the  rod.  This  portion  has 
undergone  re crystallization,  and  exhibits 
equiaxed  grains.  The  compounds  have  been 
broken  and  rearranged  in  arrays  along  the 
extrusion  direction;  the  directionality 
here  is  weaker  than  at  the  edge  portion. 


i 


{ 


Figure  1-51  100x 

Structure  of  an  Electro - 
polished  and  Anodized  Speciaen 
under  Polarized  Light 


Figure  1-50 

Etched  in  30-/i  HF  Aqueous 
Solution 


21 Ox  Figure  1-53  lOOx 

Structure  of  an  Electro- 
polished  and  anodized  Specimen 
under  Polarized  Light 


Figure  1-52 

Etched  in  50>o  HP  Aqueous 
Solution 


Alloy  and  condition  L2R 
Specification  Stinictural  shape 

Structural  features  Figures  1-50  and  1-51  are  the  longitudinal 


structures  of  the  thin-walled  portion 
at  the  rear  end  of  the  structural  shape. 
This  portion  has  undergone  complete  re- 
crystallization  and  exhibits  equiaxed 
grains.  The  compounds  have  been  broken 
and  rearranged  in  arrays  along  the 
extrusion  direction, 

Figures  1-52  and  1-53  are  the  longitudi- 
nal structures  of  the  thick -walled  por- 
tion at  the  rear  end  of  the  structural 
shape.  This  portion  has  undergone  com- 
plete recrystallization  and  exhibits 
grains  somewhat  coarser  than  those  in 
the  thin-walled  portion.  The  compounds 
have  been  broken  and  rearranged  along 
the  the  extrusion  direction,  which  are 
more  clearly  visible  than  those  in  the 
thin-walled  portion. 
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Figure  1-55  100x 

Structure  of  an  Eleetsro- 

polished  and  Anodizied  Specimen 
under  Polarized  Light 


Alloy  and  L4Y 

condition 

Specifi-  ^80x77nim  cold-drawn 

cation  tube 

Stjmctviral  Structure  of  Figure 

features  1-54  under  polarized 

light.  G-rains  are 
elongated  along  the 
drawing  direction. 


Alloy  and  L4Y 

condition 

Specifi-  «^80x77nua  cold- 

cation  drawn  tube 

Etching  50%  HF  aqueous 

reagent  solution 

Structural  Longitudinal 
features  structure  of  the 
rear  end  of  the 
tube.  Grains  are 
elongated  along 
the  drawing  di- 
rection, Com- 
pounds are 
arranged  in 
arrays , 


Figure  1-56 


21  Ox  Figure  1-57 


10Cx 


Structure  of  an  Electro - 

polished  and  Anodized  Specimen 

under  Polarized  Light 


Alloy  and 

condition 

14  M 

Alloy  and 

condition 

14H 

Specifi- 

^30x77lam  cold- 

Specifi- 

^8Ox77id0i cold-drawn 

cation 

drawn  tube 

cation 

tube 

Etching 

50%  HF  aqueous 

Structural 

Structure  of  Figure 

reagent 

solution 

features 

1-56  under  polarized 

Structural 

Longitudinal 

light.  The  tube  has 

features 

structure  of 

the  rear  end  of 

the  tube.  After 
annealing,  the 
compounds  are 
still  arranged 
in  arrays  along 
the  drawing 

direction. 

undergone  complete 
re crystallization 
and  exhibit  equiaxed 
grains . 
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GHAPTSH  TWO 


ALUM IICIUW-MAGf ! SU lUK  AI 10 Y3 


Aluminiu.T.-ma^iiesiufn  system  alloys  have  high  corrosion 
resistivity,  good  solderability , and  good  malleability.  They 
c:n  be  v/rought  into  semi-finished  products  such  as  sheets, 
rods,  structiiral  shapes,  tubes,  wires  and  forgings . 

Section  1 C}ie;nical  Compositions  and 

Phase  Formations 

Chemical  compositions  of  this  class  of  alloys  are  listed 
in  Table  II-1 . Magnesium  is  the  principal  constituent  element 
of  the  alloys,  in  v.'hlch  lesser  amounts  of  laanganese,  titanium, 
and  other  elements  are  also  added.  The  impurities  in  the  alloys 
are  mainly  iron,  copper,  and  zinc. 


Table  II- 1 Chemical  Compositions  of  Aluninium- 
Magnesiura  System  Alloys 


As  the  content  of  magnesium  is  increased , the  raeachanical 
properties  of  the  alloys  are  also  correspondingly  increased 
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(Table  II-2).  When  the  raa£:nesiurQ  content  exceeds  5%,  the 
ability  of  the  alloys  against  stress  corrosion  will  deteri- 
orate. <;hen  the  raagnesiuiti  content  exceeds  7%,  the  aialleabi- 
lity  of  the  alloy  will  decrease,  and  the  solderability  will 
also  deteriorate. 

Table  II-2  Effects  of  Magnesium  Content  on  the 


Mechanical  Properties  of  the 
Aluminium-Magnesiun  Alloys 


Alloy 

Label 

Condition 

1 

Sheet 

Thick- 

Mechanical  Properties 

(kg/mm  ) 

1 

(kg/mm^) 

LF2 

Annealed 

2.0 

18.9 

21.2 

LF3 

Annealed 

2.0 

22.5 

12.0 

21.5 

LF5 

Annealed 

2.0 

30.5 

16.5 

25.0 

LF6 

Annealed 

2.0 

33.5  1 

j 

17.0 

23.0 

The  addition  of  manganese  not  only  benefits  the  alloys 
in  their  corrosion  resistivity,  but  also  improve  the  strength 
of  the  alloys.  The  addition  of  small  quantity  of  titanium 
and  vanadium  can  help  reduce  the  sizes  of  the  grains.  The 
purpose  of  the  addition  of  a small  amount  of  silicon  to 
LF3  alloy  is  to  improve  the  solderability  cf  the  alloy. 

Impurities  such  as  iron,  copper,  and  zinc  can  cause 
the  corrosion  resistivity  and  technical  properties  of  the 
alloys  to  deteriorate.  Therefore,  they  should  be  strictly 
regulated , 

Minute  amount  of  sodium  impurity  can  cause  caustic 
brittleness  to  develop  in  alloys  that  contain  more  than 
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of  luagneaiuia.  Therefore,  refining  using  sodium  baths  should 
be  avoided  whenever  possible. 


Prom  the  Al-Mg  system  alloy  equilibrium  diagram  (Figure 

II-1)  and  the  range  of  alloy  compositions,  and  from  the 

verifications  through  the  use  of  metallographic  analysis  and 

quality 

electron  microprobing^analysis,  the  following  phases  can  be 
found  when  the  alloys  are  subject  to  the  slow-cooling  condit- 
ion during  casting: 


Figure  II-1  Binary  Al-Mg  System  Equilibrium 
Diagram 

(S(Mg2-A-l^)  phase  : The  j3(Mg2Al^)  in  the  eutectic  struc- 
ture of  «(A1)  + ,5(Mg2-^^3)  bone-shaped,  which  is  light 

grey  in  color  before  etching.  After  etching  in  10'j^ 
aqueous  solution,  the  boundaries  are  more  clearly  displayed, 
as  shown  in  Figure  II-6,  The  |3(Fig2Al^)  phase  has  face-center 
cubic  lattice.  It  is  very  brittle  at  room  temperature,  so 
the  malleability  of  the  alloy  is  decreased  when  the  content 
of  this  phase  in  the  alloy  is  increased. 

(FeMn)Alg  phase  : Appears  as  polygon  pieces,  as  shown  in 
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Figure  II-7.  Its  structural  features  in  details  can  be  found 
in  Chapter  Three. 

Kg^Si  phase  : oince  0,5-0. 3:^  3i  is  added  to  the  alloy 
L?3,  this  very  alloy  is  rich  in  the  eutectic  o<(Al)  + Kg^Si 
mixture,  as  shown  in  Figure  II -8.  Tne  structural  features  of 
this  phase  in  details  can  be  found  in  Chapter  Five. 

FeAl^  phase  : The  iron  impurity  in  the  alloy  can  combine 
with  aluminium  to  form  the  compound  FeAl,,  which  appears  in 
the  form  of  eutectic  «(A1)  + FeAl^  mixture,  as  shown  in  Figure 
II-9,  Its  detailed  structural  features  can  be  found  in 
Chapter  One. 

In  the  structure  of  a semi-continuously  cast  ingot,  it 
can  be  seen  that  these  phases  are  the  principal  components  of 
the  dendritic  network  veins,  as  shown  in  Figures  11-10  through 
II-U. 


Under  the  semi-continuous  casting  condition,  the  appear- 
ance of  the  non-equilibrium  eutectic  «(A1)  + jft(Mg2Al^)  mixture 
is  closely  related  to  the  magnesium  content.  For  example,  the 
result  obtained  through  the  analysis  of  phases  for  a round 
^192mm  ingot  is  as  follows:  the  phase  is  not  found  in 

the  LF2  and  LF5  alloys;  in  the  LF5  alloy,  small  amount  of 
pnase 

/S(MgoAl,)/ican  be  found;  and  in  the  IFb  and  LF1 2 alloys,  the 
r-  phase 

amount  of  ^{Vig2Al^)/fin.cTease3  with  the  magnesiura  content  (as 
shov/n  in  Figure  1 1-2), 


Section  2 Properties  of  Alloys  under  Heat 
Treatment 


Under  different  temperatures,  although  the  variation  of 


the  solid  solubility  of  magnesium  is  large,  it  does  not  pro- 
duce pronounced  age-hardening  effect  on  the  alloys  in  reality. 
This  is  because  there  is  no  lattice  coherency  betv/een  the 
new  phase  0}  that  is  formed  after  quenching  and  agiriB;  and  the 
matrix,  so  that  hardeniiig  due  to  lattice  coherency  is  not 
obtained  in  this  case.  Accordingly,  the  strength  of  this 
class  of  alloys  is  not  improved  by  means  of  quenching  and  age- 
ing. The  serai-finished  products  of  this  class  of  alloys  are 
usually  in  the  annealed  condition  or  in  the  cold-working  hard- 
ened condition. 

During  annea.ling,  the  aluminium-raagnesiurn  alloys  undergo 
changes  in  structures  and  properties.  These  changes  are  more 
pronounced  as  the  temperature  rises  gradually.  After  the  tem- 
perature has  reached  a certain  value,  the  structures  and  pro- 
perties of  the  alloys  will  remain  stable  even  though  the 
annealing  temperature  continues  to  lncre^as^e|^.^^  For  example,  as 
is  shown  in  Figure  II-3f  when  the  cold-yi  LF6  alloy  sheet  is 
annealed  at  240“ C (fired  at  constant  temperature  for  1 hour, 
and  air-cooled),  the  sheet  begins  to  recrystallize.  At  this 
time,  small  amount  of  re crystallized  grains  appear  in  the  de- 
formed fibre  structure,  and  clear  spots  due  to  scattering  also 
begin  to  show  in  its  corresponding  x-ray  picture.  The  strength 
of  the  alloy  begins  to  decrease,  while  the  elongation  rate  in- 
creases, ■'A'hen  i he  annealing  temperature  reaches  230  ®C,  its 
microstructure  has  changed  from  the  deformed  fibre  structure 

0Q ij'l  l 

completely  into  one  that  contain^  recrystallized  grains. 

Clear  spots  due  to  scattering  completely  appear  on  the  x-ray 
picture.  When  the  temperature  reaches  320 **0,  there  are  no  sig- 
nificant changes  in  structures  and  properties, 

It  is  seen  from  our  studies  that  the  recrystallization 
ternperatrre  of  the  alloy  is  closely  related  to  the  magnesium 


9^ 


Corroded  in  !'ixed  ^cid 
Liquid  Solution 


Corroded  in  Vixed  Acid 
Liauid  Solution 


Corroded  in  ’'ixed  \cid 
Linuid  Solution 


Corroded  in  ’'ix< 
Liauid  Solution 


’nd  Condition  LC4CS 


nn.  nultiple-holed  extruded  bn: 


Feat  -res  o: 
Structure 


Pi  au-e  *.rr-3''  and  Pi~ure  VT-.39  resn-'ctirel- 
s’-ow  the  longitudinal  str^.ict-’ro  of  the  co- 
part and  f-'o  ed-^e  part  at  the  (continued) 


•>ront  ond  of  ^he  bar.  3ecr’'8t''15s>*.tlon  ia  not 
cor:pleto,  -uj'’  t'.e  -r-.lns  atrateh  alon”  t'-o 
•U. •action  o'*  extrusion, ' Thera  are  rarannt  parses 
S(Cu?<rU'>)  -nd  T(AlZrf''»Ou),  idiiab  are  not  Ln 
no  id  solution, and  ph-’sa  .U!!n*'aSi,  vhieh  ia  bard 
to  dissolve* 

Pi-u*©  T-40  nnd  Pi  "ure  71-41  roaneetivelv 
show  t'*e  lon-itnd’nal  straet'a^  of  the  central 
n-rt  nnd  t’  e ed  *0  nart  at  t'-'e  rear  end  o'*  the 
bar.  The  cr''8t'’.l  ml’ a at  the  ed-e  part  •^re 

ojia  t''e  de  Tec  o'*  recr*'nt"l! *'*tion  at  the 
central  p-rt  is  low. 


.'Vlloy  and  Condition  LC4CS 


Sped  ‘‘ication 


XC31P-A  mold 


25^’aOH  lieu'd  solution 


In  f'is  Ti^vro,  a shows  t'-'.o  tr-'ns'erse 
nacroseopical  str.ictiire  at  the  front  end 
The  size  o'*  t*  o crystal  jrains  are  hono- 
geneous. 


b shotrs  the  tra.'.s”erse  r.acroaconical 
structure  at  the  rear  end.  it  the  ed^e, 
there  are  coarse  cr-'stal  ILaks  and  the 
rrains  at  the  contr'*!  nart  are  s^'^ll  and 

<*dri». 


Pi  figure  VI-44 


Corroned  in  T'ixed  '.cid 
Liould  Solution 


Corroded  in  I'^jced  .ic^.d 
Liquid  Solution 


AUo*'  and  Condition  LC4H 


SDcci''ication 


Pig'jre  VT-43  shows  the  tr'’.ns*'erne  stirict  urc 
of  the  central  part  at  the  fh'ont  end.  Secansc 
the  derree  of  deformation  is  low,  f e’*e  are 
remnant  ca.stin':  stnct'ires.  On  the  natrices 
of  a(Al),  there  are  nany  particles  separa'^ed 
fro*^  the  soluble  phases. 


Fi-jro  VI-44  shows  the  transverse  structure 
of  the  central  part  at  the  rear  end.  Be cans 
the  de ■■’ornation  is  complete,  cheinic”! 
cor!no’.nds  are  noticeably  all  broken. 


V 


Corroded  in  ?!i::ed  Ac'd 
Liouid  Solution 


Corroded  in  I'ixed  Acid 
Liouid  Solution 


IiC4CS 


Soeci^’icntion 


Teatures  of  Pi'^ire  VI-45  shows  the  trans”er8e  structure 

Str'act’-^re  o''  the  central  part  at  the  'hront  end.  The 

alloy  has  rccr'.’’S'alized  and  the  'Tr'’ins  are 
coarse.  On  the  natirices  o'*  aC'Jl),  scatter 
V'c  remnants  of  t^e  soluble  phase  S(Ci:diy\lp) 
and  TC\lZn'>C'.i)  and  "JJ!n'^eSi,  vr'^ich  is  hard 
to  dissolve, 

Fi'ajre  VI-46  shoire  the  tran5"e’'se  str-jcture 
of  the  central  part  at  the  rear  end.  The 
alio*’  has  recr'’’stalized  and  the  Tains  are 
smaller  than  those  at  the  ‘hront  end. 


Fi-ure  ’n-49  210x 

Corroded  in  "ixed  “Icid 
Liciuid  Solution 


■Mloy  -nd  LC4Y 
Condition 

Spcctfic'‘.tion  ((  6 nr'.,  cold  draw 
’.rlre 


Fi~ure  '/T-50  210x 

Corroded  in  I'lxed  Acid 
Llnuid  Solution 


Alloy  -ind 
Condition 


LC4C-. 


Specl‘‘icntion  i(  6 ; 

wire 


n.  cold  draw 


Fec-tures  of 
Struct-jtre 


The  Fi-ure  s’-ows 
the  tr'’jis'’erse 
ntr’.ictnre  of  the 
cantr-:!  part.  The 
c enic'’!.  conpoiinds 
oi’e  furf'or  brohon 
'und  bec'^ne  finer. 

Cn  the  nntrices  of 
•’(il)  nnrend  par- 
ticles separa’ed 
fron  soluble  phases 
•'nd  phases  which 
contain  I'n  and  Cr. 


Features  of 
Str'.'.ctcre 


The  Finurc  s 'Oire  the 
transverse  structure 
of  quenched  centra? 
part.  The  alloy  has 
recr 'stall zed.  On  the 
natriccs  of  a(Al), 
spread  particles  se- 
parated fron  phase 
and  Cr  and  the 
rennant  soluble  phase  and 
Irpurlt’*  ph''se. 


Ti'f'tre  ’/T-5I  210x 

Corr-'cled  in  !'’xed  Acid 
Liouid  Solu'lon 


Pi-ure  ’/T-52 

Corroded  in  V'xed  \cld 
Llmxid  oolu*lon 


.\ll07r  nnd  Condition  IiC6C3 
Specification  35  x 19  nr.  tube 


FeatUi'es  of 
Structure 


7i  *irc  ’/I-51  shows  the  I0n-ltudir.1l  struct’.a*o 
o^  the  contril  mrt.  The  illoy  his  reci^'stal 
md  the  -Tains  stretch,  alon-  the  direction  o 
extrusion. 


Pi-sre  '71-52  shovrs  t'-o  truisverse  stricture 
of  t'le  contril  rai*t. 
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J-S 


5.  The  Struct’ire  o'*  Die- forged  Articles 


Figure  VT-53 


Alloy  and  Condition 

Specification 

Corrosion 

?eati-ures  of 
Structure 


LC4CS 

A 5 die-forged  erticle 
Z5%V.bO\\  liquid  solution 

In  the  Fi-ure,  a is  the  sinew  part  and  b is 
the  thick-board  part.  The  stream-lines  of 
the-alloy  run  along  the'  outline  o'*  the  die- 
forred  piece  and  they  run  hono^eneously.  The 
degree  of  de'*ornation  in  the  edge  region  is 
great  and  the  structure  is  mch  '*iner. 
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Figure  VT-56  210x 

Corroded  In  T!ixed  Acid 
Liquid  Solution 


Figure  71-5"  210x 

Corroded  in  !'_’xed  Acid 
Liquid  Solution 


Alloy  md  Condition  LC4CS 


Specification 


i 5 die-for-'ed  B2^ic7e 


Features  of 
Struct’ore 


Fln.ire  ’/T-5'5  and  ^-niro  71-5”  respectively 
s ow  the  lonjtitud’nal  struct'ire  of  the  central 
re'-ion  o''  f'e  sinew  part  and  t’^e  thick-board 
part.  The  recr'stal^  zatlon  o'*  the  alloy  is  not 
co’aple^e  and  the  wains  arranrre  thensel’es 
alonp  the  direction  of  de''omat’on.  In  Fi-ure 
'n-‘p,  sone  hypo-crystallites  can  be  seen. 
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rrrt-efceyim^ri 


Fi'^ire  ’/T-5'^ 


Alloy  and  LC4R 
Condition 

Specification  A 5 die-ror'ed 
anrticle 


FI -ire  VI- 59 


Alloy  and 
Condition 


LC4CS 


Specification  A 5 dio-'*or  ed 
article 


Corrosion 


Feat">res  of 
Structure 


i'lxod  acid  liouid  ( 
solution 

This  Pi'-ure  s iows 
the  transverse 
str’jct’jre  of  t’:e 
central  ro-ion  of 
the  thick-board 
nart.  The  broken 
chenical  conpounds 
scatter  on  the  ’aatr'ces 
of  a(Al)  and  s’-'ovr  no 
clear  directionality. 
The  se  'reffa'^ed  phase 
particles  also  sca- 
tter on  the  matlices 
of  a(Al). 


Corrosion 


Features  of 
Strict’jTc 


Vixed  acid  liqiiid 
solution 

rhis  ^ "ure  a'^ovs 
t''e  trans”erse 
stricture  of  f'e 
central  re "ion  of 
the  th’c?<-board  part. 

The  recr'stalization 
is  not  corrolete,  and 
sone  hypo-crystallites 
grains  can  be  seen. 


6,  The  Striacturo  of  Welded  Articles 


Pi-ure  ’/I-60  1^  I 

I 

LC6  + 0.12%Zr  (Mg2.95<i  Zn  I 

8.1%.  Cu2.5%,  MnO.35%1 
CrO.17%1  ZrO.12%1  Fe<0.5%i 
Si<o.3%) . weldtnp. 

Pl.'’,te  of  thic’:r.ess  3.0  ttt. 

;\r"on  arc-welded  art’cle 

Ihlxed  acid  lie  '.id  solution  j 

a - vrelded  re -■'on 

b - heat  a''fected  rc'lon  , 

I 

! 

i 


Alloy  and 
Condition 

Specification 

Corrosion 

Peat'-iros  of 
Stmct'-ire 
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Pi;~ire  VT-61 


100:: 


?i'^ire  ’n-62 


lOOx 


Corroded  in  I!i::ed  Acid 
Liouid  Solution 


Corroded  in  l!ixed  Acid 
Liouid  Solution 


Alloy  and  Condition 

Spec ■ fication 

Features  of 
Structure 


S^re  as  ^uire  VI-60 
S'’ne  as  7i  "ure  VI— 60 

Pi  Tire  VT-61  shows  the  stmcturc  o'*  welded 
region.  It  is  of  some  characteristics  of 
castinr;  stn'vCt’ure,  and  it  looks  like  dontritic 
cr^/stals, 

Piyre  n-62  shows  the  structure  of  the 
heat  a'’fected  re  'ion.  The  closer  it  is  to 
the  sear.in"  region,  t'^o  larger  '■he  crystal 
boundaries  a^e.  The  c' erical  compounds  •’Te 
nore  arere~ated. 


300 


Chapter  7 

Alloy  of  AlurdnuiTi-Copper-’'a'*nesiinn- Iron-Nickel 

?br  the  heat-resisting  aluniniin  alloy  of  aluninun-copper- 
nagnesi\in-iron-nickel  group,  there  are  three  brand  narks,  LE7  , 
and  LD9,  which  are  used  often,  Anong  then,  alloy  LIT  has  the  best 
quality  of  heat-resistin",  and  LDf?  and  LD9  follow  in  order.  In 
industrial  production,  allo’-  LD7  is  therefore  used  widely.  Alloy  LD9, 
however,  because  it  has  such  characteristics  as  snail  themal 
coe'’fieier'.t  of  expansion  and  good  heat  conductivity,  still  holds 
definite  useful  value. 

This  kind  of  alloy  has  good  nan-afacturing  propert.v  and  can  be 
processed  into  various  kinds  of  bars,  forced  iters  and  conponent 
parts  good  to  be  used  when  the  tenperature  is  at  150-225°C.  'Jnder 
certain  conditiorj;^  it  can  also  be  used  to  make  plates. 

Section  I 

Chenical  Composition  and  Phase  Jbmation 

The  chemical  composition  of  alloy  LD7,  and  LD9  can  be  foimd 


in  Table  ^HI-l: 


Braoid  Mark 


Table  VII-1  Chemical  Composition  of  Alloy  LIT,  LDP  ind  LD9 


Principal  Constituents  (l6)  Inpurity  no  nore  than  {%) 
Cu  I Mg  I Ni  I Fe  I Si  I Ti  1 AI  Mn  I Si  Zn  other  iotal 


Prom  the  above  table  it  can  be  seen  that  the  chemical  composition 
of  these  allo3rs  is  relatively  complex.  In  addition  to  copper  and 
naTnesiim,  there  is  a considerable  amount  of  iron  and  nickel.  And 
there  is  also  silicon  in  alloy  LDP  and  LD9,  and  titanium  in  UP. 

Ihe  principal  heat-resisting  phase  of  this  kind  of  alloy  is 
SCCuJigAl^)  phase,  therefore,  the  quantity  of  S(CuligAl2)  phase  in  this 
alloy  must  be  made  to  reach  its  utmost,  A ^eNiAlg  phase  is  another 
principal  phase  which  also  has  important  effect  on  its  quality  of 
heat-resistance. 

Compared  id-th  hard  aluminum,  the  ratio  between  copper  and 
magnesium  contained  in  this  kind  of  alloy  is  low.  Under  the 
condition  of  low  rate  of  copper,  the  amount  of  magnesivim  is 
proportionally  increased.  Then  the  composition  of  the  alloy  falls 
into  two  phase  zones  of  a(Al)  + S(CullgAl2)  as  indicated  in  the 
Al-Cu-Mg  three-element  equilibrium  diagram  (see  Figure  VII-1),  This 
insures  that  the  alloy  has  the  largest  quantity  of  S(CuKgAl2)  phase,  and 


■HflP 


thereby  It  can  hnvo  a raiod  quality  of  heat— resistance.  At  the  same 

tlme^  because  of  the  low  rate  of  copper,  the  concentration  of  copper  i; 

the  solid  solution  a^Al)  becomes  low  accordinply,  !Pie  solid 

CQHconti**^  t ion 

solution  a (Al)  of  low  ..  has  small  decomposing  tendency  and 

high  heat  stability;  it  is  therefore  good  for  the  quality  of  heat- 
resistance  of  the  alloy. 


Iron  and  nickel  have  good  effects  \ipon  the  heat-resisting 
capability  of  the  alloy.  Nevertheless,  if  iron  or  nickel  is  added 
alone,  the  heat-resisting  capability  will  become  low,  ?rom  the 
Al-Cu-Pe  and  Al-Cu-Ni  three-element  equilibrium  diagrams  (see  Figures 
VII-2  and  VII-3)  it  jan  be  seen  that  when  iron  is  added  alone, 
folloiring  the  increase  of  the  amount  of  iron,  it  forms  a CU2FeAl,7 
phase  (when  iron  is  low),  which  is  difficult  to  dissolve,  and  . 
a CuFeAl^  phase  (when  iron  is  high).  When  only  nickel  is  added, 
following  the  increase  of  the  arnoimt  of  nickel,  it  forms  a AlCuNi 
phase  (when  nickel  is  low),  wliich  is  difficult  to  dissolve,  and 
a (CuNi)2Al^  phase  (vdien  nickel  is  high).  Copper  is  contained  in  all 
these  foul  phases.  The  formation  of  any  of  these  phases  reduces  the 
quantJty  of  the  principal  heat-resisting  phase  S(CuKgAl2)  in  the  alloy 
and  lowers  its  heat-resisting  capability. 

From  the  cross-section  of  the  Al-Cu-Fe-Ni  four-element 
equilibrium  diagram  with  Cu  at  2.2%  (Figure  VTI-4)»  it  can  be  seen 
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•e  VTI-1  Distribution  o'*  phase  zones  of  Al-Cu-Mr’ 
three  elenents  after  solidification. 
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^i^nire  VII-2  Distribution  of 
aluminum  phase  angle  zones  of 
Al-Cu-Tlg  three  elements  in 
solidity. 


a 4 C uA  I 


. - welghtC?)  Cu 

Figure  VTI-3  Distribution  of 
aluminum  phase  angle  zones  of 
Al-Cu-Ni  three  elements  in 
solidity. 


— /""n  4-AieuNi 

2 3 

\reight(^)  Ni 


T^rure  VII-4  Distribution  of 
aluminum  phase  dngle  zones  on 
the  cross-section  of  Al-Cu-''’^-N' 
four  elements  containing  Z.2%  Cu 
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when  1,0  - 1,5^  of  iron  and  nickel,  by  a ratio  of  111,  are  added  to 
the  alloy,  it  will  basically  not  affect  the  quantity  of  sCCuMgAlj)  phase 
and  the  alloy  is  mainly  within  two  phase  zones  of  a (Al)  + FeNlAl^, 

Under  such  condition,  iron  and  nickel  will  no  lonf^er  combine  with 
copper  to  form  (Cu^PeAl,^,  CuFeAl^,  AlCuNi,  (CuNi)2Al^)  phase  which  contains 
copper  and  is  hard  to  dissolve,  but  iron  and  nickel  to'rether  fonn  a 
hard-to-dissolve  FeNiAl^  phase.  Thus  it  enables  copper  in  the  alloy 
to  form  a fpreat  quantity  of  S(CuKgAlp)  phase  and  insures  the  heat- 
resisting  capability  of  the  alloy. 


After  the  formation  of  FeNiAlg  phase,  if  iron  remains  surplus, 
it  will  form  a Cu^FeAL^  phase;  if  nickel  is  surplus,  it  will  form  a 
AlCuNi  phase.  Because  of  the  varying  amount  of  iron  and  nickel  in 
the  alloy,  it  is  therefore  possible  that  CU2FeAl.^  phase  or  AlCuNi 
phase  appears. 


Due  to  the  formation  of  the  hard-to-dlssolve  PeNiAl^  phase,  the 
structure  of  the  alloy  becomes  more  complex  and  its  heat-resisting 
capability  is  further  promoted.  FeNiAl^  phase,  following  the  rise 
of  temperature,  becomes  very  difficult  to  dissolve  in  the  solid 
solution  “(Al).  In  casting,  it  is  of  the  shape  of  long  narrow  piece 
and  scatters  on  the  matrices  solid  solution  « (Al) , After 
deformation,  the  fragments  scatter  inside  or  on  the  edges  of  the 
crystal  grains.  And  they  will  obstruct  the  alloy  deformation  under 
high  temperature.  This  has  good  effect  on  the  heat-resisting  capability 
of  the  alloy  (see  Figure  VTI-56  and  VIT-57), 
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1 

When  silicon  is  added  to  the  alloy,  it  forma  ph’^se  and 

reduces  *he  quantity  of  SCCuMgU.^^  phase  which  is  the  principal 

heat-strengt' enin"  phase.  After  artificial  aping,  Mp2Si  will  help 

to  increase  the  tou'^hness  of  the  alloy,  and  under  high  temperature, 

over- 

because  of  its  great ^aping  sensitivity,  it  acts  to  reduce  the  high 
temperature  instantaneous  strength  and  durability  of  the  alloy.  In 
alloy  LIT,  Si  is  regarded  as  impiirity  and  controlled  at  the  level 
below  0.35^,  so  only  a small  quantity  of  Mg2Si  phase  can  be  found  in 
the  alloy.  But  Si  can  lower  the  thermal  coeffic'ent  of  expansion  of 
the  allo7r  and  increase  the  decree  of  room  terinerature . Silicon  is 
therefore  an  important  eonstfcuent  ^tHoy  LD^  and  LDB  and  it  may 
reach  as  high  as  1.0-1. 2!?.  It  is  evident  that  the  quantity  of 
contained  in  -these  two  alloys  is  larger  than  that  in  LD9. 

Titanium  is  the  important  modi^z-in"  agent  to  '’ine  the  structure 
of  alloy  and  has  good  effect  on  Its  manufacturing  property  and  the 
tfans-verse.  directional  property  of  its  products. 

Based  on  the  analyses  in  the  equilibrium  diarrars  and  the  proofs 
made  by  me-tallographic  mlrcoprobe  minu-te  ex.amination,  alloy  LIf’ 
under  the  condition  of  'Tadual  cooling  contains  a(Al),  S(CuMgAl2), 

FeNiAlg,  MCuNi,  and  Mg2Si  phases.  The  ''ormation  of  these  phases  in 
alloy  LDB  is  similar  to  that  in  LIF  except  that  the  quantity  of 
Hg2Si  phase  is  lar'-^er.  .And  these  various  phases  also  exist  in  alloy 
LC9. 

Under  the  condition  of  semicontinuous  casting,  the  phase  fomation 
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in  the  cast  in,^t  is  generally  similar  to  that  iinder  the  condition 
of  gradual  cooling.  But  each  phase  is  smaller  and  separate. 

The  phases  mentioned  above,  according  to  the'r  forms  and  di**ferent 
reaction  to  corroding  agent,  can  be  easily  di'*‘*erentiated.  (see  '=^'nare 
VTI-7  through  VH-IS). 

SCCuMg.Mo)  phase:  ?br  details  o^  its  characteristics,  see  C3hapter 
4,  Alloy  of  \1-Cu-Ma  Group, 

FeMiAlg  phase:  Its  primar'r  crystal  1 -fcation  is  of  the  shape  of  long 
narrow  pieces  ^^'schi’sts  with  bright  \^ite  color;  vrtiile  the  eutecticur 
is  a cluster  of  fine  long  narrow  pieces,  Af '■er  beina  corroded  in  the 
mixed  liquid  acid  solution  or  liquid  solution  with  0.5^  hydrofluoric 
acid,  its  color  becomes  brown.  But  it  will  not  be  corroded  in  nitric 
acid. 


AlC’.iNi  phase;  It  has  a skeleton-shaned  appearance  with  brin'’’t 
grey  color,  but  it  is  dai-ker  than  ''J’eNi.Alg  phase  before  corroding. 

Because  of  its  high  degree  of  hardness  = 1000  k'T./mm?),  a^ter  being 
polished,  it  is  more  noticeable  than  ot^er  phases  on  the  surface  of 
the  test  piece.  And  it  can  be  easily  corroded  in  t’-'e  liquid  solution 
which  contains  25%  of  nitric  acid, 

phase  ar^  ’//(Cu^Mfr^Si^Al^)  phase;  Pbr  their  snecial  features, 
see  Chapter  5,  Alloy  of  Al-?-5g-Si-Cu  Group, 

Section  2 

Characteristics  of  Heat  Treatment 
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To  this  kind  of  illoy,  the  heat  treatment  is  applied  under  the 
condition  of  quenching  and  artificial  ayin'^.  The  import'int  strenf’theninEj 


phase  of  this  alloy  is  SCCul^Alg)  phase,  and, in  addition,  there  is 

phase  in  alloy  LDf?  and  LD9.  Therefore^ they  have  hi'di  sensitivity 
to  the  strenatheninn  work  in  heat  treatment.  In  the  process  of  solid 
solution  heat  treatment,  S(Cu>tAl;j)  has  important  strengthen inc  e'’fect 
when  it  is  dissolved  in  solid  solution.  Only  a oart  of  Mr^Si  phase 
c-’Ji  be  dissolved  in  solid  solution,  so  its  strenfrtheninpr  effect  is 
relativelv  small,  ?e’!i.U^phase  and  AlCu’Ii  phase  (or  CugTeAl^  chase) 
perform  no  stre-^'diheninc'  Unction  in  heat  treatment. 

The  s'''-stem  of  heat  treatment  of  t’-is  kind  of  allo"  will  be 
indicated  in  Table  VII-2: 


Table  VII-2  S^rstem  of  Heat  Treatment  of  Alloy  LIF,  IDS  and  LD9 


^irand  Mark 

1 

f 

1 1 

luench  Heating  T.('’C; 

[ System  of  Artificial  Aging 
Heating  T.  (°C)  j-®®*  Retaining 

LD7 

525~540 

165~]80 

10~16 

LD8 

525^540 

185~195 

8~12 

LD9 

510~520 

150~180 

6~16 

(hrs. ) 


In  order  to  reduce  the  internal  stress  caused  during  quenching 
and  to  avoid  the  occurance  of  cracking  and  curling  up,  it  is  better  to 
adopt  sta-e  quenching  method  for  articles  of  large  size  made  of  this 
alloy. 


Because  of  its  limited  content  of  manganese,  this  alloy  has 
greater  tendency  of  recig/’stajJization,  It  is , therefore  , easy  to  have  a 
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complete  recr''-3taHzation  after  hot  processing  (hot  pressing  or  die 
forcing).  For  instance,  except  for  its  far  front  end  where  the 
deformation  is  less  and  the  reci"rstaU-zation  is  incomplete,  the  other 
parts  of  a hot-pressed  stick-shaned  piece  of  alloy  IXT  (the  press 
temperature  is  3'^-450°C)  all  have  complete  recrvstallization.  For  the 
same  reason,  after  hot-die- '’or'^ing,  the  alloy  will  also  have  a complete 
recrvstaliization.  If  it  under~oes  anot ’ er  quenchinrr’  heat  treatment, 
it  will  be  fully  reciyrstaltzed  and  the  cr'^stal  grains  are  lar"e. 


Table  VTI-3  Three  Directional  ’Mechanical  Properties 
of  Alloy  LD7  K9  Forged  Articles 


Testing  Piece  No. 

Mechanical  Properties 

Die-forging 

Position 

‘’b  (kv./nmi?)  1 

d (%) 

1 

40.4~41.4  I 

18.4~20.8 

I 

2 

i 

40.2^41.7 

16.0~20.0 

1 

3 

40.6~42.6 

14.4~18.8 

The  stick-shaped  articles  and  for  -ed  pieces,  after  quenching, 
exhibit  large  and  approximate  isometric  recm.'staliized  arains  on  their 
cross-sections,  and  this  causes  the  mechanical  properties  of  this  allo7r^ 
product  to  have  no  noticeable  anisotropy/'.  And  because  the  crystal, 
yrains  are  large,  it  is  helpful  to  the  heat-resisting  capability  of 
the  alloy. 

The  three  directio.nal  mechanical  properties  of  alloy  K9  forged 
articles  after  quenching  and  artificial  aging  can  be  seen  in  Table 
VII-3. 
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Section  3 


Struct'ire  of  Cast  Inf^t  and  Processed  Articles 

The  r^eneral  rules  of  af'^ecting  the  stimctiire  and  quality  of 
products  of  this  kind  of  alloy  by  the  type  of  processia'T  have  been 
discussed  in  detail  in  the  Introduction  aa_\rell  as  in  the  related 
diaTrains  and  figures  in  this  chapter.  But  the  structure  and  the 
quality  of  the  alloy  itself  have  their  own  characteristics,  and  the 
ma,^or  ones  are  as  follows; 

1.  The  se^egation  of  PeNiAlg  primary  crystallization.  This  kind 

of  alloy  contains  high  quantity  of  iron  and  nickel,  when  its  constituent 
and  the  casting  techniques  are  not  correct,  it  will  possibly  result  in 
rough  segregation  of  ?eNiAl<^  primaig/  cr”’stallization.  The  cluster  o'* 
shining  acicular  prinar"’  ciystals  of  ^eNiAlo  (for  its  characteristics, 
see  Figure  VIl-18),  is  ver^r  hard  to  break  when  it  is  iinder  hot  processinf» 
Because  of  its  existence,  the  manufacturing  arid  ' mechanical  property 
of  the  alloy  are  reduced.  In  casting,  therefore,  it  s’ ould  be  avoided. 

2,  Special  features  of  the  structure  of  fractures.  When  the 
fractures  on  the  for-ed  articles  of  this  kind  of  alloy  are  examined, 

it  is  often  found  that  there  are  lamellar  cracks  on  the  fracture  (Piuore 
VII-5).  The  alloys  of  this  kind  all  contain  great  amount  of  chemical 
compotinds  — FeNiAlg  phase  and  AlCuNi  phase  (or  Cu2^eAlo  phase),  which 
are  hard  to  dissolve  in  solid  solution  a(Al),  Heat  treatment  ccannot 
change  the  conditions  and  distributions  of  these  phases,  and  de-^'ormation 
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can  make  them  broken  and  dissociated.  But  in  the  location  where  those 
chemical  compounds  are  in  cluster,  it  is  possible  that  they  '’orm  lamellae 
there.  The  lamellar  cracks  on  the  fractures  of  forged  articles  of  edloy 
LIP  and  LD6  are  Ind’ cations  that  the^?“^^®®of  those  chemical  compounds 
exist  there.  Through  micro structural  observation,  it  can  be  seen 
tnat  the  lamellar  cracks  are  developed  out  of  the  chemcial  compounds 
which  are  arran^-ed  in  a shape  of  string  (^-nire  VII-6).  There  is  an 
essential  dif''erence  between  this  kind  of  lamellar  structure  and  the 
schistose  structiire  pf  in  alloy  LD2.  In  production,  this  structure 
is  usuallTr  treated  as  a normal  phenomenon. 


Figure  VII-5  Structure  of 
fractures  on  the  projecting 
spots  of  for-ed  article  of 
alloy  LDT/  S6  type.  There  are 
lamellar  cracks  on  the  fracture. 
The  arrow  pointed  spots  are 
cracks. 


Figure  VTI-6  Klcrostructtire  of 
cracks  in  Figtore  VII-5. 
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T.  Phise  Fbrmtion 


FifTure  VTT-'^ 


2l0x  Pifmre 


2lCbc 


Alloy 

CJondition 


Corrosion 
Features  of 
Structure 


LIP  Allov 

After  fusing  at  ^50^0,  Condition 

the  cast  ingot  gradually 
cooled  to  500°C  in  fur-  Corrosion 

nace,then  water  cooling,  ^eat’jres  of 

Not  corroded.  Struct' a*e 

The  arrow  pointed  honey« 
comb  structtire  is  a(Al)+ 

S(CuMg.Al2)  eutecticum. 


LIP 

Same  as  in  Figure 
VTI-'’. 

Not  corroded. 

The  arrow  pointed 
snot  is  FeNiAlg  phase 
of  'Tey  color  in  the 
shape  of  long  narrow 
pieces  and  schists. 
Because  the  speed  of 
coolin"  is  slow,  the-'^ 
appear  bulky. 


aioy  LIT 

Condition  Sane  as  in  'Pip^ire 
VII-'’. 

Corrosion  Mot  corroded. 

Features  of  The  arrow  pointed 
StJTUcture  ilCuMi  phase  is  of 
<rrey  color  in  the 
shape  of  a skeleton. 
Because  of  its  decree 
of  hardness,  after 
polishin,^,  it  becomes 
more  noticeable  than 
others  on  the  founda- 
tion. 


Alloy 

Condition 


LW 

Same  as  Jji  Flnu'e 
VII-7. 

Not  corroded. 

1-0  (Al)  + S(Cu}VAl,) 
eutocticum; 

2 - "^eMiAlQ  phase; 

3 - AlCuNi "phase; 

4 - ’^CpSi  phase. 


Corrosion 
Featiires  of 
Structure 


Figure  VII-11 


210x 


Pimire  VTI-12  210x 


Alloy 

Condition 

Corrosion 


■features  of 
StructTore 


LET? 

Some  as  in  Finare 


Alloy 

Condition 


25%  nitric  acid  liquid  Corrosion 
solution,  70®C,  30 

seconds.  Features  o'* 

1 - SCCuMfrAlo)  phose  is  Structure 
of  black  color; 

2 - ’^eMiMq  phase,  can- 

not be  corroded; 

3 - AlCu'Ii  phase,  can 

be  corroded  severely, 
and  has  a roui»h  sur- 
face; 

4 - MypSi  phase  is  dis- 

solved, and  its  color 
becones  black. 


LIT 

Sane  as  in  Fimre 
VIT-'?. 

Mixed  acid  liquid 
solution,  5 seconds. 

1 - S(Cu’VAlq) 

be  corroded; 

2 - Fe^iAlq  can  be 

corroded,  brovm 
color; 

3 AlCuNi  phase 

'canno't 
corroded ; 

4 - M^^pSi  phase  is 

dissolved,  and 
its  color  becones 
black. 
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Fi^nire  VTI-I3  210x 

Alloy  LIT 

Condition  S'lr.e  as  in  Fi=Tire 

VII-7. 

Corrosion  10? . NaO'?  + lOOml. 

liqiild  solution, 

5C)°C,  15  seconds. 
■5’eatures  of  1 - S(CiLM^41p)  can 

Structure  be  corroded,  its 

color  becomes 
dark; 

2 - Fe?IiAlq  phase  can 

be  corroded,  its 
color  becomes  dark; 

3 - AlCuNi  phase  can- 

not be  corroded; 

4 - ^^33^  phase  cannot. 

be  corroded. 


Figure  VTT-I4  210x 

Alloy  yj? 

Condition  Cast  in?ot  after  ■^sln? 

at  '’'50°  C,  >rradually 
cooled  to  SOO'^C  in 
furnace,  then  water 
cooliny. 

Corrosion  Not  corroded. 

Features  of  1 - SCOaMpAlq)  phase; 
Structure  2 - FeNiAig  phase; 

3 - AlCuNi  phase; 

4 - phase. 
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Figure 

2l0x 

Fi-rire  VTI-I6 

320x 

Alloy- 

LD9 

Alloy 

LIT 

Condition 

Cast  ingot  after 
fusing  at  '750°C, 

Condition 

Seinicontlnuous  ingot 
casting. 

gradxially  cooled 

Corrosion 

Not  corroded. 

to  500°C  in  furnace, 

Feat’ires  of 

1 - a (Al)  + SCCuI'gAlq) 

then  water  cooling. 

Structure 

eutecticum; 

Corrosion 

25%  nitric  acid 
liquid  solution, 

70° C,  15  seconds. 

2 - ■'•e^^iAlg  phase  in 

the  shape  0^  clustered 
fine  long  nar’xjw 

Features  of 

1 - S(Cu!-'gAlp)  phase; 

pieces; 

Structure 

2 - FeNiAlg  phase; 

3 - AlOuNi  phase; 

3 - AlCu”i  phase; 

4 - MgpSl  phase. 

4 - Mg2Si  phase. 

Compared  with  testing  p-’ece  which 
is  cooled  Taduallv,  the  phases 

in  semi continuous  inpot  casting 
are  all  finer. 
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Pirrxore  VII-1'^ 


320x  Fi^nire  VTI-18  2l0x 


Alloy 

Condition 

Corrosion 
Feat’ores  of 
Structure 


LD8 

Semicontinuous  ingot 
casting. 

Not  corroded. 

1 - a(Al)  + SCCuMgM^) 

eutecticum; 

2 - ■^eMiAlg  phase; 

3 - AlCu’Ii  phase; 

4 - phase. 


Alloy 

Condition 

Corroding 

Agent 

'’^eatiires  of 
Structure 


LIT 

Semicontinuous  ingot 
castin'’. 

Mixed  acid  liquid 
solution. 

Struct’ire  of  se negation 
of^primairr  cr'/’stalization 
of  cast  inrot  ^ ■^eNiAlo; 

1 - .FeNiAlo  prlmair' 

cr'^^stalization; 

2 - a(Al)  + •^eNiAlq 

eutecticum. 
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2.  Structure  of  Cast  Inpot 


Flpure  VII-19  Corrosion  of  15^  NaOH  Liouid  Solution 


Alloy  and  Condition 

Specification 
Features  of 
Structinre 


Semicontinuous  in^ot  casting  of  alloy 
LIP. 

i 192  nm. 

Stmcture  of  the  maproscope  of  the 
transverse  section  of  a cast  ingot.  The 
lines  of  cr7;-stal  boundar'^  are  not  clear, 
this  is  because  that  t'^e  alloy  contains 
numerous  chemical  compounds. 


Fimire  VII-20 

Alloy  and  Condition 
Specification 
Featiares  of 
Strncture 


Same  as  in  ’^i  mire  VII-19 
Same  as  in  ^nire  VTT-19 
Structure  of  fractiire  o^  semi- 
c^ntinuous  insot.  casting  of 
alloy  LIT. 


1 


' \ . :r*h:s--TS^ 

% '-^  -cf^'  -'i  j 

‘i:-  '•v  ' r ^ ^ A 

.>-5' f '^A  ^ 4 

"Z  ' ^ -•-^  *'■>  s ? ' Z-’.l  ^ ' 

;.-.<vt  ^y-'.-'il  '.  ' -ivvl 

',  '^-^i 


?i^e  VII-21  210x 

Corrosion  of  >!ixed  Acid 
Liquid  Solution 


Fi-^jre  VTI-22  210x 

Cbrrosion  of  Mixed  Acid 
Liquid  Solution 


Alloy  and  Condition  Serlcontinuous  InTOt  casting  of  alloy 

LD7. 

^ecification  i 192  ram. 

Peat’jres  of  Both  figures  show  the  net-structure  of 

Structure  dertrit'c  crystal, 

Pigure  7TT-22  is  the  transverse  structijre 
of  t'^e  ed^e  of  innot.  The  meshes  ' a^nr 
the  dentrit'c  cr-'shals  are  large  and  the 
netvrork  is  not  all  connected. 

Pigure  VII-23  is  the  transverse  structure 
of  f'e  center  o^  ingot.  The  meShes 
among  t^e  dentritic  cr^'-stals  are  smaller. 
A great  quantity  of  FeNi.Alq  and  AlCuNi 
phase  pile  up  ana  scatter  on  the  network 
of  dentritic  crvstal,  and  the  network  is 
connected. 
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Fisure  VII-23  SlOx 

Corrosion  of  Mixed  Acid 
Liauid  Solution 


Firrure  VII-24  210x 

Corrosion  of  Mixed  Acid 
Liquid  Solution 


Alloy  and  Condition 


Specification 
Features  of 
Structure 


Semioontinuous  inf^ot  casting  of  alloy  LU', 
and  in  horao-^enizing  (500°C,  12  hours,  cooled 
in  furnace) . 
fi  192  mm. 

Figure  VTT-23  and  VII-24  resnectively  show 
the  transverse  structure  of  the  edge  and 
the  center  of  an  ingot; 

After  the  homogenizing  of  '■he  ingot  and  the 
soluble  excess  of  SCCii’^gAl^)  and  MgpSi  are 
dissolved  in  solid  solution  “(Al)j  'there 
still  some  net-structure  of  dentritic  crystal, 
remains,  and  FeViAlg  phase  and  AlCuT-!i  phase, 
which  are  difficult  to  dissolve,  remain 
unchanged.  And  from  the  .matrices  of  oi(Al), 
a ~rea‘t  amount  of  particles  of  S(Cu’'gAl;j)  and 
Mg^Si  comes  out. 
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3 Structure  of  Pressure  Castings 


Alloy  and  Condition 
Specification 
Featiires  of 
Struot^ire 


LIT 

/ ^0  nm. 
Mactosbopical 

stricture  of 
the  transverse 
section  of  a 
rod-shaped  piece.  After  pressing, 
it  recrystalized.  In  the  areas 
around  its  edge,  many  recrystallized 
'^ains  which  ha^  become  lar''e, 
can  be  seen. 


Figure  VII-25  1:1 

Corrosion  of  Mixed  Acid 
Liquid  Solution 


Fipure  VII-26  1:1 


ALLoy  and  Condition 
Specification 
Features  of 
Structure 


Lircs 

SO  mm. 

Macroscopical 
structure  of 
the  trans'"’erse 
section  of  a 


rod  shaped  piece.  After  acing, 
it  recr’’stalized  and  the  grains 
all  become  lar-^e.  On  the  surface 
of  the  whole  cross-section  all 
the  crystal  Trains  are  large  f 
©specially  in  the  areas  where 
the  deformation  is  larger,  the 
grains  are  even  lar''er. 


Corrosion  of  iiixed  Acid 
Liquid  Solution 
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PipTire  VII-27  210x 

Corrosion  of  Mixed  ^cid 
Liquid  Solution 


Figure  VII-29  210x 

Corrosion  of  Mixed  Acid 
Liquid  Solution 


Figure  VII-2S  210x 

Corrosion  of  Mixed  Acid 
Liquid  Solution 


Figure  VII-30  120x 

Corrosion  of  Mixed  Acid 
Liquid  Solution 


Alloy  und  Condition 
Specification 
Featiires  of  Structure 


LrrR 

^ SO  imn. 

Figure  VIT-2M  and  VIT-29  respectively 
show  the  longitudinal  micro struct\xre 
of  the  edge  and  the  center  of  the  (contd. ) 
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far  front  end  of  a pressure  east  piece. 

After  defomation,  f^e  cast  crystal  rrrains 
break  into  fra^^Tnents,  and  the  broken  chemical 
compounds  are  arranf^ed  alony  the  direction 
of  deformation  of  the  pressure  cast  article. 
Because  the  de**ormation  at  the  far  front  end, 
especially  the  central  part  of  the  rod-type 
article  is  small, some  cast  remnants  remain 
there.  Solid  solution  (Al)  is  fully  de- 
composed, so  from  its  -matrices^  rpreat  many 
particles  of  S(CuM<^Al2)  and  come  out, 

F^nxire  7TI-28  and  711-30  respectively  show 
the  transverse  structure  at  the  edfe'and  the 
central  part  of  the  far  front  end  of  the 
rod- type  article. 


i 


Corrosion  of  Mixed  Acid 
Limiid  Solution 


Corrosion  of  Mixed  Acid 
Liquid  Solution 


LD7R 
i 80  mm. 

Figure  VTI-31  and  VII-33  show  the 
longitudinal  microstructure  of  the 
edge  and  the  center  of  the  (contd.) 


Alloy  and  Condition 
Specification 
Features  of  Structure 


FifTure  VII-35 


Corrosion  of  ”ixed  \o*d 
Llould  Solution 


Corrosion  of  Mixed  Acid 
Liauid  Solution 


Corrosion  of  Mixed  Icid 
Liauid  Solution 


Corrosion  of  ''ixed  Acid 
Liquid  Solution 


Alloy  and  Condition 


Liy^cs  (530°C,  minutes,  water 
coolinn:,  185®C,  8 hoxirs) 

5*0  mm. 

Figure  YTI-35  and  VII-3’’  show  the 
longitudinal  raicrostructure  (contd. ) 


Specif ’cation 
features  of  Structure 


of  the  edge  and  the  center  the  '’ar 
front  end  of  a pressure  cist  rod-t’me 
piece.  After  quenching,  alloy  has 
completelv  cr'/stalized,  and  the  grain 
is  a lar-’e  iTOinetfic  costal.  The  soluable 
chemical  compounds  of  SCCuMgAlp)  are 
dissolved  in  solid  solution  a(U) , and 
FeMiAlo  phase,  AlCuili  phase  and  the 
fractional  remnant  of  remains  on 

the  matrices,  of  a(Al). 

Figure  VII-36  and  VII-3B  respectively  show 
the  taransverse  microstructure  of  the  edge 
and  the  central  nart  of  the  far  ^ront  end 
of  a rod-type  article. 


Corrosion  of  Mixed  Acid 
Liquid  Solution 


Corrosion  of  Mixed  Acid 
Liquid  Solution 


F*i(^re  711-42 


Corrosion  of  Mixed  Acid 
Liquid  Solution 


Corrosion  of  Mixed  Acid 
Liquid  Solution 


LD7CS  (530°C,  40  minutes,  water  coolin' 
135°C,  S hours) 

^ SO  mm, 

Pitrure  711-39  and  711-41  show  the 
lonpritid'nal  roicrostructure  (contd.) 


Alloy  and  Condition 


Specification 
Features  of  Stmcture 


of  the  ed=re  and  the  central  part  of 
the  rear  end  of  a pressure  cast  rod- 
t'-’pe  piece.  It  is  similar  to  f^e 
structure  of  the  far  front  end  (T<’igure 
VTI-35  through  VIT-3f?),  but  because 
the  degree  of  deformation  of  the  rear 
end  is  greater,  the  recrystalized  grains 
are  more  coarse.  The  cast  structure 
broke  completely,  and  the  directionality 
of  arrangement  of  the  chemical  compoiuids 
becomes  very  clear. 

Figure  VII-40  and  VII-42  respectively 
show  the  transverse  microstructure  of 
the  edge  and  the  central  part  of  the 
rear  end  of  the  rod-type  article. 


1 

I 

I 


I 


i 


( 


i 

[ 
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4.  The  Stracture  of  Dle-for  *er]  '\rticles 


Pif^e  VII-43  Corrosion  of  I'ixed  Acid 
Liouid  Solution 


Alloy  and  Condition 

Specificntion 
Feature  of  Str'icture 


LIP  C5  (530°C.  90  minutes,  water 
coolin'^,  l85™C,  8 hours) 

K9  die-forced  piece 
The  ■^icure  illustrates  the  radial 
raacroscopical  stiaicture  of  a die- 
for'ed  article.  The  alloy  has  com- 
pletelv  recrystalized  and  the 
are  relatively  lar'e.  Tlie  ^acture 
testin.c  piece  is  taken  from  the  broad- 
plate  part  of  the  article  and  its 
structure  is  fine  and  homogeneous. 


Fif^e  VI 1-44 


210x 


Figure  VTT-45 


210x 


/» 


Corrosion  of  I'ixed  Acid 
Liauid  Solution 


Corrosion  of  Mixed  Acid 
Liquid  Solution 


Figure  VII-46 


210x 


Figure  VIT-4'7 


210x 


Corrosion  of  Mixed  Acid 
Liquid  Solution 


Corrosion  of  Mixed  Acid 
Liquid  Solution 
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Figure  VII-48  210x 

Corrosion  of  ?flxed  Acid 
Liquid  Solution 


Corrosion  of  Mixed  Acid 
Liquid  Solution 


Alloy  and  Condition 
Specification 
Features  of  Stnucture 


Fi^nire  VIT-45  ai^d  VTI-4'^  Illustrate  the 
microstructure  of  the  centers  of  the 
thick  parts  of  the  die-forred  _ Article 
(corresponding  to  f^e  location  4 and  5 
in  Figure  VII-43).  The  deformation  in 
those  two  locations  is  small,  and  the 
remnant  cast  struct’u*e  can  still  be  seen. 

Figure  VI 1-49  (corresponding  to  location 
6 in  Fif^jre  VII-43)  shows  the  stract-ire 
at  the  center  of  the  thick  part  of  the 
die-for-ed  article.  The  deformation  is 
full  and  the  cast  structure  broke 
completelv.  There  is  a strong  directionality 
of  arranging  the  chemical  compounds  alon'^ 
the  direction  of  deformation.  After  hot- 
forcing,  solid  solution  o(A1)  decompo^d 
fully  and  on  its  .matrices  there  are  ^reat 
man.v  segregated  particles. 


LD7R 

K9  die-for.ced  niece 
Figure  VTI-44,  VTI-46  and  VII-/^3 
Illustrate  the  raicrostructure  of 
various  locations  on  the  surface  of 
a die-forged  article  (corresponding  to 
the  location  1,2,  and  3 in  Figure 
VTI-43).  The  de^'ormation  in  these 
locations  is  small,  and  man:/-  remnant 
cast  structures  can  be  seen. 
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Pitnire  VII- 50  210x 

Corrosion  of  Kixed  Acid 
Liquid  Solution 


Figure  VII-51  210x 

Corrosion  of  Fixed  Acid 
Liqxiid  Solution 


Fig-:re  VII-52  210x  Figure  VII-53  210x 

Corrosion  of  Mixed  Acid  Corrosion  of  Mixed  Acid 

Liquid  Solution  Liquid  Solution 
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Corrosion  of  Mixed  Acid 
Liquid  Solution 


Corrosion  of  Mixed  Acid 
Liauid  Solution 


Alloy  and  Condition 

Specification 
PeatTires  of  Structure 


1 


LIFCS  (530°C,  90  minutes,  water  coolin;^ 

185°C,  8 hours) 

K9  die-for^ed  piece 
Pl^e  VTI-50  , VTI-52  and  VII- 54 
respectively  illustrate  the  micro- 
structure of  the  varioiis  locations  on 
the  surface  of  the  die-forged  article 
(see  location  1,2,  and  3 in  ^i-rire  VTI-43). 

Pimare  VII-51,VII-53  and  VTI-55  respec- 
tivel'”  illustrate  the  microstruct’ore  of 
the  thick  and  the  broad-plate  parts  o'*  the 
die-for-ed  article  (see  location  4,5,  and 
6 in  Fi  gure  VII-43). 

The  forced  article  after  quenching  has 
completely  recrystalized  and  the  grains 
are  in  the  isometric  shape.  The  soluable 
phase  is  dissolved  in  solid  solution  a (Al) , 
and  only  ’^eNiAlq  phase,  AlCuHi  phase  and  a 
part  of  figpSi  phase,  which  are  insoluable, 
remain. I rin' _ locations  where  the  deformation 
is  small. (see  Figure  VII-50,  51,  52  and  54), 
the  outline  of  the  structure  of  the  dentrtic 
crystal  can  be  sean  from  the  manner  of 
distribution  of  the  insoluable  phases.  In 
location  where  deformation  is  areat  (see 
Figure  VII-55),  the  direct ' onality  of 
arranging  the  remnant  phases  along  f'e 
direction  of  deformation  is  strong. 
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Fipure  VTI-56 


Corrosion  of  Mixed  Acid 
Liquid  Solution 


Corrosion  of  Mixed  Acid 
Liquid  Solution 


LIPCS,  testin"  of  strenrt'"  of  hiqh 
tenperatui;e  retehtion  which  is  processinfT 
under  250  C,  t'-en  306'^C  for  a period  of 
100  hours. 

K9  die-''orged  piece  (contd.) 


Alloy  and  Condition 


Speci'*ication 


Fenttures  of  Structure 


Pif^e  VII-56  illustr-ites  the  structure 
under  the  condition  of  dovmward  stretchinf^ 
for  100  hours  at  250^0  (loadin?^  7 kr./rvn^). 


Pinore  VII-57  Illustrates  the  structure 
under  the  condition  of  downward  stcetchina 
for  100  hours  at  300°C  (loading  5 k^./airP-). 


From  the  Pi'-ures  it  can  be  seen  that  after 
the  testing  of  stren'^th  of  high  tenperature 
retention  at  250°C,  the  solid  solution 
oi(Al)  in  the  alloy  has  begun  to  decompose, 
and  t'  e particles  of  S(CuFg,Alo)  phase  ^'irst 
cone  out  along  the  cr’'-stal  boundaries.  The 
forn  of  FeNiAi9  phase  and  MCuIIi  phase 
remains  imchan  'ed. 


After  the  testing  at  300°C,  great  quantity 
of  S(Cu]'IgAlq)  comes  out  and  grows  and  collects 
into  a cluster.  PeNi-Mq  phase  and  AlCu!!i 
phase  remain  unchanged. 

This  test  illustrates  that  when  temperature 
reaches  above  250°C,  S(CuI'g'*il2)  phase,  which 
has  decomposed,  be^'ins  to  come  out  and  tries 
to  assemble  in  a cluster,  so  its  hot-streng- 
thening capability  has  greatly  weakened. 
FeNiAlq  ph-’se  a.nd  AlCu?li  phase,  which  scatter 
on  the  matrices  and  the  crystal  boundaries, 
remain  xmchar.'^ed  when  temperature  rises.  So 
them  have  good  effect  on  the  heat-resisting 
capability  o^  the  alloy. 
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Ch<ipter 

Alloy  of  Aluminum-Copper-Manganese  Group 

Alloy  of  aluminum-conper-manganese  group  is  a kind  of  heat- 
resisting  and  deformable  alumin\m  alloy,  which  be^an  to  develop  in 
the  early  1950 's,  ^or  alloys  of  this  -rroup,  two  brand  marks,  which 
are  used  often,  are  LY16  and  The  alloys  can  be  processed  into 

semi-finished  items,  such  as  plates  materials,  stick-shaped  pieces, 
moulds  and  forged-pieces.  The  presure  cast  and  die-forged  semi-finished 
items  made  of  this  alloy  can  be  used  to  make  component  pats, which  can 
work  ■ at  ’ 200-300°C,  and  the  plate  materials  can  be  processed  into 
welded  articles,  which  can  be  used  to  work  under  constant  heat  or 
high  temperature. 


Section  I 

Chemical  Composition  and  Phase  Formation 

The  chemical  composit'on  of  allov  1716  and  LYl’’  can  be  found  in 
Table  7III-I; 


Table  VIII-I  Chemical  Composition  of  Aluminuro- 
Copper-Manganese  Group  .Mloy 


Brand 

Mark 

Principal  Constituents  {%) 

Impurity  no  more  than  (%) 

Cu 

Mn 

Mg 

Ti 

Fe 

Si 

Mg 

1 i 

Za  others  total 

LY16 

LY17 

6.0~7.0 

6.0~7.0 

0. 4^0.8 

0.4^0. 8 

0.25~0.45 

0.1~0.2 

0.1~0.2 

0.3 

0.3 

0.3 

0.3 

0.05 

0.1 

0.1 

0.1 

0.1 

1.05 
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Copper  and  manpanese  are  the  principal  constituents  of  .il-Cu-?Si 
proup  alloy.  Accordinr  to  what  the  ^indinps  of  researches  indicate, 
when' copper  content  is  6.0-6*  5%  this  alloy  has  hiph  recr7.’'stallization 
teiTin  erasure,  and  this  is  pood  to  its  heat-re  si  stinp  capability.  The 
presence  of  copper  helns  the  alloy  to  produce  a strengthening  phase 
CuCLq,  which,  after  quenching  and  artificial  aging,  increases  the 
strength  of  the  alloy. 

Manganese  in  t’ie  alloy  is  the  important  elene  :t  that  insures  the 
heat-resisting  capabilit?/'  of  the  alloy.  T'anganese  in  alumin'oin  has 
srnll  coefficient  of  dif^sion  and  it  can  also  lower  the  coe’'‘ficient  of 
diffusion  of  copper  in  aluminum,  \s  a res’alt,  not  only  is  the  decom- 
position tendency  of  a( '!.)  diminished,  and  the  congregation  tendency 
of  CuAl2  under  high  temperature  is  also  reduced,  ’-/hen  manganese  content 
is  , 4-0*5^,  t’lere  will  be  a T(Cu;-5iq '^12,0)  phase  formed  in  the  alloy.  The 
dispersed  and  fine  T(Cul'hqU2p)  phase  h-’s  good  effect  to  the  heat-resisting 
capabil^'ty  of  the  alloy.  Tollowing  the  increase  of  manganese  content, 
not  only  is  the  quantity  of  T(Cu’^n2-U.22)  increased  and  it  also  becom.es 
bulk:''  in  size,  ’/Jhen  man'-anese  content  reaches  1.2"^,  because  the  quantity 
of  T(Culii9Al2p)  phase  is  increased,  the  phase  area  -will, as  a result, 
be  exp'^rded,  T':en  its  di -'‘fusibility  is  speeded  up,  a,nd  the  hea't-resist 
capability  o ' the  alloy  is  reduced.  The  manganese  conte-.t  in  the  alloy 
is  therefore  remilated  to  be  0.4-0, Bes'Mes,  the  addition  of  manganese 
lowers  the  cracking  tendency  when  the  alloy  is  used  in  ■welding. 

’'flien  titanium  is  added,  not  only  it  helps  to  rnalce  the  cr’’'stal 
'-rain  'iner  during  casting,  and  it  C'^n  also  raise  f-e  recr'-’-staHiisation 
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ter  perati're  of  the  alloy.  Besides,  it  can  help  to  reduce  the  decon- 
position  tendency  of  t’re  supersaturated  solid  solution  whet'rer  there 
is  stress  or  not,  and  nalce  the  structure  of  the  alloy  stable  under 
hi-^h  tenp 'nature,  i/hen  titanium  content  ’s  a chemical  compound 

Ti  \1^  of  hi-'h  fusiny  point  is  formed.  iJhen  the  content  increases  to 
0.3^,  Tiil^  vrill  show  a coa.''se  acicular  shape.  At  this  point,  f'e 
■'eat-resistiny  capability  of  the  alloy  becomes  lohr.  Therefore,  titanium 
content  in  this  alloy  is  decided  to  be  0.1-0.2 j. 

Because  ma-nesiun  can  act  to  loirer  f'e  weldability  of  alloy  LY16, 
its  content  must  be  controled  at  the  level  below  0.05'^'.  If  0,25-0.45^ 
of  ma  'nesiun  is  added,  the  stren'"th  of  alloy  LYl'^  under  room  tenpc  'ature 
will  be  nromoted.  This  is  yood  in  irTprovinc  the  ''eat-rcsistinc  capability 
of  the  alio*'  at  150-250°C,  but  it  is  not  ''ood  to  the  weldability^  of 
the  a.lloy. 

The  imT)ur'’ty  zinc  can  accelerate  the  speed  of  di'’^sion  of  copper 
in  alu"int!r.,  so  it  is  not  "-ood  to  the  allow.  Iron  can^  to 'efrer  with 
copper  conta'.ned  in  the  allo’',  form  Ouo''^eil''',  and  lower  copper  concen- 
tration in  a(’d.).  Thus^t’e  quality  of  t^e  allo''  under  room  tenperatu'”e 
and  hi"h  tomnerature  is  lowered,  so  its  content  should  be  controled  at 
the  level  below  0.3^.  Silicon  can  lo'..'er  the  hi~h  temperature  durability 
of  the  alloy  at  300°C.  So  zinc,  iron  and  silicon  should  all  be  re~a:'ded 
as  impiirlties  and  put  amder  control. 

Based  on  the  Bquilibrium  Diayran  of  Al-Cu-!!n  yroup  allo''  (Pimire 
VTII-l)  and  the  chemical  composition  of  f'.e  alloy,  alloy  L'''’'l6  lies  in 
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a(M)  + CiiUo  + CTjUnoj'Vlip , three  ph-’-ne  zonen,  Ca’'np.\l]_2.  is  th<'  soli*’ 
solut5.on  of  copper  in  nnri  its  stT"Jcturcl  foimilc  h”s  recectly 

beer,  mde  as  CuI!nc.'J.;i_o.  ilfter^  t’>e  alloy  ^^lsed  at  ’^50'^C  and  yr-'chiall"' 
cooled  dovm  to  400°C,  then  enenc’ ed  5n  wa'er.  At  this  tiro,  phases  “(U,, 
T(CdhpAl2o) , OiAlo,  Cii^e/\l7  and  (ye!hi)Al{’,  are  formed. 


Fiyure  VIII-I  Distributionoi’  ’dependent  aluminum  ancle  solid 
phase  zone  of  Al-Oi-lh  rroup  alloy. 

Through  metallo'Taphic  and.  nicronrobe  em'-mination,  it  vns  pointed 
out  that  the  phases  mentioned  above  also  exist  in  senicontinuous  cast 
in.pot.  3at  most  of  them  are  <*(^1)  + CuUo  bin-’r:’’  o”.tecticun,  next  '•re 
a(Al)  + CuALo  + T(0u2h2Al^^)  ternary  outccticam,  a few  tPeMn)Al9  'ai^d'  ' 
Cu2?G''J7  can  bo  scon  only  on  the  deviated  sarellin~s  of  cast  in'~ot.  Tecaure 
titanium  content  in  th-’ s al‘'.oy  is  relatively  small,  TiAL^  is  so  tiny 
that  it  is  hard  to  be  recoijnizcd, 

OiAIa  phase:  ilhcn  it  is  in  the  process  of  Tadual  ciyrstall’ zation, 
a( 'll)  + Cu  'il^  eutecticum.  appears  in  a shape  o"  hono''’’com.b  fece  ?i'*;re 


Vni-5  throu  h VIII-ll),  Ilnc’er  senicontinuous  c-’-stin-’,  “("J.)  + Cu^ULo 
cutecticxir.  ur’intn ’’ns  in  ohe  shnpe  of  bar  and  honeycomb,  nnd  also  some 
in  the  shape  of  sphere  or  bar  (sec  Pi.'nire  VTII-12  through  VIII-,.5).  I^r 
their  characteristics,  see  Chapter  4>  Alloy  of  U-Cu-’'^-!!n  Group, 

T(Culti2 'J-Tp)  phase:  'Tnder  condition  o^  ■'radn'-l  coolinr,  it  appears 
in  t’le  sh'’pe  of  bar  '’nd  irre  ular  cahes.  ’’/efore  corrodin",  its  color 
is  yrey,  and  a-^ter  corrodin-  in  0.5%  !{?  liquid  solution  at  room  te^ujerature 
for  5 seconds,  it  becomes  bro\m,  I''  it  is  corroded  in  I’ouid  solution 
of  20r.l  HCI  + 20ml  MIO^  + 5ml  ’^7  + 55ml  h,:.0  •’t  room  tempc^at’jre  for 
1-2  seconds,  it  becomes  blue.  This  color  response  of  T phase  is  the 
unique  feature  the  deformable  alu'^in-m  alloy, 

(Fe’'n)Al,5  phase:  For  detail,  see  Chapter  3,  'Mloy  of  U-fh  Group. 

CuoFeAli7  phase:  Before  corroding,  it  is  of  a liyht  yrey  color  and 
an  acicul.ar  shape.  It  is  insensitive  to  various  corrodiny  ayents. 

The  phase  formation  of  alloy  LYl'^  is  similar  to  that  of  alloy  LYl6. 

Section  2 

Characteristcs  of  Feat  Treatment 

The  characteristics  of  this  kind  f alloy  after  heat  treatment 
arc  two-^old:  1.  It  has  high  hot  stren'-theniny  pronort-’-,  and  2.  Its 
pressure  castings  show  no  pressed  e-^fect, 

1,  Hot  Strenytheniny  Property  of  the  Alloy 
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The  e'’fect  of  n'’.t’aral  agLn^  to  this  kind  of  allo^r  is  nuch  less 
noticeable  than  that  of  artifical  aginp.  Under  condition5of  artificial 
agin.^,  the  alloy  has  relatively  high  stronHh  and  high  heat-resistina 
capability.  Txie  qucnc’iing  tenperature  of  alloy  L''’'l6  is  535^^0,  at  160-  ( 

170°C  and  retain ‘nr  the  teiaperatnre  for  10-16  hours,  artificial  aging  j 

can  take  place.  The  quenching  ter;porat7:_re  of  alloy  L'-'l'^  is  520°C,  and  , 

j 

its  procedui'es  of  artificial  aging  are  sinilar  to  that  of 

I 

At  the  sane  tine,  this  alloy  can  have  tuo  opposite  processes  when  ! f 

f quench  heating  takes  place.  One  is  that  the  eutectic  stnicture  of  a(  '\l) 

+ CuUq  and  “ ( il)  + CuAl2  + T ( Cul-Inq lljo ) is  dissolved  ina(Al),  and 

' after  quenching,  there  cones  suner-satiirated  solid  solution  a("'l).  Oarin'^ 

f 

[ artificial  aging,  th.e  allov  is  stren'dihened . The  other  is  that  fron 

^ solid  solution  a (A1)  separates  T(Cu!hi2Al;i2)  phase,  which  canta'ns 

! manganese,  and  it  disperses  on  the  matrices  of  a(M)  l'’'e  a number  of 

j small  dots. 

r 

J Ph'om  the  data  in  Table  VIII-2,  it  can  be  seen  that  the  microhardness 

of  T(Cu!'n2-"^12)  phase  under  high  tenoerature  is  higher  than  that  of 
Cu,'J2>  percenta,ge  of  softening  under  high  te^’perature  and  lon™- 

period  of  loading  is  smaller  than  that  of  CuMp.  Ibllowin^  the  increase 
of  phase  content,  T phase  can  promote  the  d’orable  hardness  of  the  allo”- 
\inder  hi-h  tenperature  more  noticeably  than  CuAlo  can  (see  Figure  ■'1111-2 
■ and  Ti-’rre  VTII-3). 


r 
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Table  VIII-2  I'icrohardness  of  T(CuI 

and  Cu'ao  at  30°C.  and  300*C, 


microhardness  H<.  (kg./nm^) 

chemical 

/£20'’C 

300'C 

conpoiind 

load 

loa(3. 

load. 

load^ 

difference  of  hardness  lAen 

-ing 

-ing 

•^ing- 

-ing' 

loading  for  30sec,  and  30nin. 

oosec 

)(30Bee 

)(3(nita, 

(6oniii 

(iifferen 

cer/c)  ^fference 

1 1 

1 

CuAl, 

1 

531 

481 

266 

201 

215 

44.4 

280 

58.2 

TCCuMn^Ali.) 

628 

628 

534 

452 

i 94 

1 1 

15 

176 

28.02 

It  nust  be  pointed  out  that  alloy  LYl6  at  525^C  and  a^ter  having 
retained  that  teirTperatrine  for  24  hours,  CuAlp  in  the  eutectic  remnants 
has  app.arontl;'’’  gathered  together,  but  there  is  no  obvious  change  in 
the  form  of  T(CiClh2Ali2)  (see  Fi'^ire  VIII-21).  It  is  t’ ere '’ore  e’^ident 
that  T(Cu!hi2-M2^2)  phase  has  higher  stability  than  Cu-'J.2  phase  and  it 
is  not  easy  to  congregate  under  high  temperature. 

To  sun  up  what  has  been  mentioned  above,  after  quench  arti''icial 
aging,  the  alloy,  on  the  one  hand,  due  to  the  stren'^thening  of  solid 
solution  of  CiiAlp,  be '"ins  to  have  relatively  high  degree  of  strength 
under  room  temperature;  and, on  the  other  hand,  due  to  the  strengthening 
of  diffusibility  of  T(C5uTin2AlT^) , it  be'^ins  to  have  hi^’h  heat-resisting 
capability.  So,  although  the  strength  of  this  alio:/  under  room  tem- 
perature is  smaller  than  that  of  alloy  LY12,  LYI4,  and  LDIO,  its  hot 
stren'-thening  ability  is  much  higher  than  that  o-^  hard  alumin'.im-t’'Tie 
allo'’’  at  high  tomperature  of  225-250OC. 


J 
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I 2 3 4 5 6 7 8 9 10  11  12  13  14  15 

phase  (%) 

Fl'iirc  ■'/III-2  The  relationship  between  durable  hardness 
of  the  alloy  at  300” C and  phase  content 
after  quenc'  iny  and  stabilizin'-. 

1 - T(CUI'np.U.i2)  phase;.!  - Oi’JLo  phase 


phase  (%) 


Fl,-ure  VII 1-3  The  relations'-’ ip  between  d”jrable  hardness 
of  the  alloy  at  350”C  and  phase  content 
after  quenchiny  and  stabil53inr. 

1 - T(Cui5iqj\lip)  phase;  2 - CuMq  phase 


2.  No  Pressed  Ef^'oct  on  Pressure  Castings 

Mthou'^'h  manganese  content  in  alio?/'  LY16  is  similar  to  that  in 
LY12,  in  production,  however,  no  pressed  ef'’ect  ca*^  be  found  on  the 
auench--'‘inis’''ed  articles,  then  25  x 16  mn.  pressed  cast  belt  items 
(press  tenperatiire  is  32,0-450°C)  and  3.0  mm.  cold  reduced  plates  are 
respectively  ~iven  heat  treatment  according  to  the  follo^dnv  procedures:- 
belt  items  at  535°G  and  retaining  the  temperature  for  one  hour,  taJce 
quenc*^inf!:  in  water,  and  at  165°C  talce  artificial  a^inr  for  16  ho’jrsjthe 
plates  at  535°C  and  retaining  the  temperat'jre  for  20  minutes,  taice 
quenchin-  in  vnter,  and  at  l65°C  talce  artif'cial  asinj  ^or  14  hours.  The 
resi’-lts  of  testing  the  mechanicil  prorei'ty  of  these  tvro  items  can  be 
found  in  Table  VIII-3  and  ''niI-4. 


Table  VIII-3  The  Longitudinal  liechajiical  Propert7r  of 

25  X 16  mm.  Pressure  Cast  Belt  Iteri  of  hlloy 
LY16  ifter  Quenching  and  Artificial  Ayinm, 


testing 

specimen 

position 

testing 

specimen 

No, 

<^..1 

{kg./rmP^)' 

(kg,/mm2) 

d 

(%) 

1 

33.5 

43.2 

22.7 

belt  head 

2 

32.4 

1 

43.4 

20.5 

3 

30.6 

43.4 

20.0 

4 

31.3 

44.4 

20.0 

belt  tail 

5 

30.3 

43.5 

20.5 

6 

31.4 

43.6 

20.5 

Table  VIII-4 


The  Lon'^ltudinal  Mechnnical  Property  of 
3.0  mm.  Cold  Reduced  Plate  of  UJLoy  LY16 
.^fter  Quenching  and  Artificial  'iging. 


Fhon  the  above  Tables  it  can  be  known  that  the  longitud'’nal 


of  the  plates,  and  the  extensibility  of  the  belt  item  is  higher  than 


nalysis  has  pointed  out  that 


the  belt  item  lAen  it  is  under  pressing,  it  has  be  uin  to  recrystalize 


lee  Finure  VIII-4a).  After  quenching  and  artificial  aging,  it  has 


completcl"''  recr”’stalized  and  the  crvstal  grains  are  coarse  and  large 
(see  Fi^aire  VTII-4b).  The  plate  when  it  is  under  pressing  does  not 
recrystalize  (see  Fi^^U'e  VITT-4c),  but  after  quenching  and  artificial 
aging,  it  will  have  completely  recrystalized  (see  Figure  7ITI-4d),but 
the  crgrstal  trains  are  fine  and  small. 


testing  speci- 
men No, 

(kg,/mP) 

Vb 

(kg./nm^-) 

d 

(.%) 

1 

32.6 

45.9 

14.8 

2 

33.5 

45.6 

14.0 

3 

32.6 

45.5 

16.3 

4 

32.6 

45.5 

16.3 

5 

31.5 

45.2 

16.5 

6 

33.7 

45.2 

16.3 

32.6 

45.5 

15.7 

Fif^e  VlII-4 


X-ray  Ph6togrp.ph  of  Reciy^stalization  of  Alloy 
LY16  Pressure  Cast  Belt  Item  and  Cold  Reduced 
Plate. 


25  X 6 mn.  pressure  cast  belt  item  under  pressing  has 
be'jun  to  recrystalize; 

25  X 6 mm.  pressure  cast  belt  iter  under  the  condition  of 
quenchinf^  and  artificial  a'^in^f  has  completely  recrystalized, 
and  the  fp^ains  are  coarse  and  larae; 

3.0  mm.  cold  reduced  plate  under  cold  pressinr  recrystalization 
does  not  take  place; 

3.0  mm.  cold  pressure  plate  ander  the  condition  of  quenchinr 
and  artificial  a^iny  has  completely  recr'rstali  zed,  and  the 
rrains  are  ^ine  and  small. 


Section  3 

The  Structure  of  Cast  Inf^ots  and  Processed  Articles 
1.  Phase  Pbrmation 


FlfTore  VIII- 5 


210x 


Pifmre  VIII-6 


210x 


LY16  Alloy 

Cast  ingot  aftOT  Condition 

fusing  at  750'^C,' 
gradually  cooled  Corrodin'- 

to  650°C,  then  in  Agent 

fiomace  cooled  to  Features  of 

400°C  and  quenc'ing  Structure 

in  water. 

Mot  corroded. 

1 - CuAl2  in  eutecticur. 

displa^'-s  weak  pink 
color; 

2 - Cup'^’e.Al^  displays 

bright  grey  color. 


LY16 

Sane  as  in  Figure 
VIII-5 

25??HM03  liquid 
solution. 

1 - CuAlq  displa’^s 

copper-red  color; 

2 - Cu2FeAlr7  can  not 

be  corroded. 


Alloy 

Condition 


Corrosion 
Feat  res  of 
Struct- ire 
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Figure  VHI-8 


LY16 

Sane  as  in  Pirrure 
VIII-5 

25^03  liquid 
solution 

1 - CUAI2  displavs 

copper-red  color; 

2 - Cu^FeU-r,  display's 

bright  fp'ey  color 


LYI6  Alloy 

Sane  as  in  Fiyure  Condition 

VIII-5 

Not  corroded  Corrodin'^ 

Agent 

Features  of  1 - CuAl^  displays  Features  o 

Structure  weak  pink  color;  Structure 

2 - CupFeAl-7  displays 
br£.’~ht  grey  color. 


Alloy 

Condition 


Fi^e  VIII-9  210x  Figiire  VIII-10  210x 


.Mloy 

Condition 

Corrosion 
Features  of 
Structin^e 


LY16 

Same  as  in  Ficrure 
VIII-5 

Not  corroded 

1 - CuAl2  displavs 

weak  pink  color; 

2 - T^CuT-tn^Al^p) 

displavs  frev 
color; 

3 - CupFeAlp  displays 

htlyht  grey  color. 


Alloy 

Condition 

Corroding 

^gent 

Features  of 
Structure 


Same  as  in  Figure 
VIII-5 

20  ml.HCI  + 20  ml. 
miOo  + 5ml.  IF  + 

55ml. H^O 

1 - CuAl2  can_jiot 

be  corroded; 

2 - T(Cul'1n2^12^ 

phase  displa-''-s 
blue  color; 

3 - Cu2^eAl'7  can  not 

« _ _e 


LY16 

Sane  as  in  Flcaire  VII 1-5 
Not  corroded 

1 - a(Al)  + Ou.M^  binar'/’  eutecticum 

2 - T(Cu}fao!\li2) '<iisplavs  Frey  colo: 

3 - Cu2"^eAi7  of  acicular  shape  and 

briftht  yre7F  color; 

4 - (FeTfc)Al6  displays  bright  rrrey 


Alloy 
Condition 
Corrosion 
Features  of 
Structure 


LY16 

Semicontinuous 
casting 
Mixed  acid 
liouid  solution 

1 - a(Al)  + CuAlj 

binar;;’  eutec- 
ticum  of  honey- 
comb sbane; 

2 - T(CuTfe2All2') 

displa-’-s  dark 
brown  color; 

3 - (FeMji)Al£,  displays 

bri'-^ht  grey  color. 


1716 

Same  as  in  Pifajre 
VIII-12 
25^dN03  liquid 
solution 

Microstructiore  of 
the  serre-'^ated 
swellings  on  the 
surface  of  the  cast 
in^^ot 

1 - a(Al)  + CuAlo 

binary  eutecticum 
of  honevcomb  shape; 

2 - ('^eT'n)Al^  displays 

grey  color; 

3 - CuqFeAl^  of  acicul«r 

shaoe  and  Tey  color 


Alloy 

Condition 


Alloy 

Condition 


Corroding 

Agent 

Feat’jres  of 
Structiu:e 


Corroding 

Agent 

Features  of 
Structure 


LY16 

Stt®  as  in  Figure 
VIII-12 

lOg.NaOII  + lOOinl. 
HpO  solution  Uo°C) 
1'-  (?e?  'n)Al6 

displa'^s  5jrey 
caike-shanes . 


LY16 

Ynder  condition  of 
homogenizing  (525°C 
soa.’cing  for  24  hours, 
then  cooling  in  f’jmace) 
l!ixed  acid  liquid 
solution 

Besides  eutectic  stmictuire 
of  ot(Al)  + CuAlq 
remaining  in  the  a3J.oy, 
the  acicxilar  shaped 
frannents  of  decomposed 
CuAlq  and  dispersed 
particles  from  T(Cu’'noAl2^) 
closelv  spread  on  the 
matrices  of  o(A1). 


Alloy 

Condition 


Alloy 

Condition 


Corroding 

.^Vgent 

Features  of 
Struct’ore 


2.  The  Structure  of  Cast  Inf^ots 


Pirure  VIII-I6 


Allov  and  Condition 
Specification 
Corrodinf^  .^Tent 
Features  of  Structure 


LYI6  serdcontinuous  castinp 

/ 1^2  mm.  round  in'ot 

15^  NaOH  liquid  solution 

The  transverse  macroscopical  struct’jre 

of  a cast  inpot.  There  are  fine  isometric 

cr''stals  from  the  edpe  to  the  center. 


LY16  semicontinuous  c^^stinf^ 
i l'’2Tnm.  round  cast  in^ot 
The  struct’u*e  of  fractures  o'' 
a cast  in^ot,  and  the  structure 
is  homogeneous  and  fine. 


Alloy  and  Condition 
Specification 
Features  of  Structijire 


Figure  VTII-18 

Corrosion  of  Mixed  Acid 
Liquid  Solution 


Firmre  VTII-19  210x 

Corrosion  of  Mdxed  Acid 
Liquid  Solution 


Fi^ire  VIII-20  210x  Fi^jure  'n:il-21  210x 


Alloy  ^d  Condition  LY16.  Fi'oire  VIII-18  and  VIII- 19  show 

the  condition  of  seT^icontinuous  castin^^j 
Fi.qure  VITI-20  and  VIII-21  shov/  the 
condition  of  horao^Tenizinq  (525°C,  24 
hoiirs,  cooled  in  fimace). 

Specification  172mn.  roijtnd  cast  inpot 

(contd. ) 
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Featiores  of  Structure 


Fi[^e  VIII-IS  illustrates  the 
transvers  structiure  of  the  ed"e 
of  a cast  inpot.  The  meshes  of 
the  deutritic  crTrstal  are  hip  aud 
the  network  is  thinj 

Flpure  VIII-19  illustra+es  the 
transverse  structure  of  the  centeral 
part  of  a cast  ingot.  The  meshes  of 
the  dentritic  crystal  are  ver/-  small 
and  the  network  is  relatively  thick. 

Figure  VITI-20  and  VTII-21  show  the 
condition  of  homo'^enizing  and  the 
eutectf-c  structure  remains.  There  are 
acicular  shaped  and  dot-shaped  phases 
of  CuAl^  and  T(Cu}'n2Alio)  seTe^^ated 
from  the  matrices  of  atAl).  0^  the 
remnants  on  the  network  o^  dentritic 
crystal,  CuAlo  from  honeycomb 'shape  h 
in  casting  assembles  into  C'^ke  shape, 
and  T(fu?fti2Alip)  phase  shows  no 
obvious  change. 
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3.  The  Struct’jre  of  Plates 


Pifmre  7-111-22 


210x 


Fipwe  VIII-23 


210x 


C3orrosion  of  Mixed  Acid 
Liouid  Solution 


Corrosion  of  Mixed  Acid 
Liouid  Solution 


Alloy  and  Cond' bion 
Specificab'on 
Feat'.xres  of  3tructiu:*e 


L'^16R 

8.0  mm. thick 

Figure  VIII-22  illustrates  the  lon^^itudinal 
stiaicture  of  the  centeal  part  of  a plate. 
’.•Jhen  the  chemical  compounds  are  broken  they 
arran'-'e  themselves  in  row  alonj  the 
direction  of  preesure  exten&ioh.  Amorif?  them 
the  black  ones  are  TCCuJln^Ali^)  phase  and 
the  mrey  ones  are  CUAI2.  On  the  matrices 
of  a(Al) , there  are  se  "legated  particles 
of  CuAlp  and  T(CuMipAli2) . 

Fi.gure  7111-23  illustrates  the  transverse 
structure  of  the  central  part  of  a plate. 
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Fl^e  VITI-24  210x 

Corrosion  of  I'^ixed  Acid 
Liquid  Solution 


Fifnire  VIII-25  210x 

Corrosion  of  T'ixed  Acid 
Liq’aid  Solution 


Alloy  and  Condition  LY16CS 

Specification  S.O  rem.  thick 

Features  of  Structure  Figure  VIII-24  illustrates  the  longitudinal 

stricture  of  the  central  part  of  a plate. 
The  alloy  has  coiapletely  recrystalized 
and  the  soluable  cherdcal  conixiunds  have 
partially  been ii  .solid  solution  bit  the 
rennants  arrange  t’-enselves  in  row  along 
the  dirsctlon -of  pressure  extension.  -On 
the  matrices  of  a(Al),  the'-’e  are  serregated 
particles  of  TCCuMn^Alip)  phase. 

Figure  VTII-25  illustrates  the  transverse 
structure. 
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Fimire  VIII-26 


Corrosion  of  ll'^xed  Acid 
Liqiiid  Solution 


Alloy  and  Condition 
Specification 
Features  of  Struicture 


Pi'nire  VIII-2'' 


Corrosion  of  Mixed  Acid 
Liouid  Solution 


Ln6Y 

3.0  ran.  thick 

Piraire  ''fIII-26  illustrates  the  JLon^itudinal 
structure  o^  the  central  part  of  a plate. 
The  chemical  compounds  are  obviouslv 
broken  into  fraranents  and  the  frapments 
arran-re  themsle'^es  alonp  the  direction  of 
pressure  extension,  ^ matrices  of 
'oi(Al),  there  are  preat  many  se -related 
particles  of  CUAI2. 


Pig-re  VIII-2’^  illustrates  the  -transverse 
structure. 


Corrosion  of  Mixed  Acid  Corrosion  of  Mixed  Acid 

Liquid  Solution  Liquid  Solution 


Alloy  and  Condition  LY16CS 

Specification  3.^  nn.  thick 

Features  of  Structure  Firure  VIII-28  illustrates  the  longitudinal 

str.ict’jre  of  the  central  part  of  a plate. 

The  alloy  has  completely  recr7,''sta lazed  and 
a Treat  amount  of  phase  particles  segregated 
fron  the  chemical  compound  are  In  solid 
solution.  The  renaininrr  soluablo  phase 
becomes  remarkably  few.  On  the  matrices  df 
a(Al),  there  are  more  segregated  narticles 
of  T(Cu>!nqAli2). 

Fig’-tre  VIII-29  illustrates  the  transverse 
structure. 
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Corrosion  of  Mixed  Acid 
Liquid  Solution 


Corrosion  of  Mixed  Acid 
Liquid  Solution 


LY17R 

5.0  nm.  thick 

Pi-^xTe  VIII-30  illustrates  t’^e  lon.'^itudinal 
structvire  of  a plate.  The  chemical  compounds 
have  been  broken  into  pieces  and  the  pieces 
arrange  themselves  alon,<^  the  direction  of 
pressure  extension.  The  draic  ones  are 
T(CuMn2Alio)  phase  and  the  bri'^ht  ones  are 
CuAlp  phase.  On  the  matrices  of  a(Al), 
there  are  particles  sevreaated  -^rom  CuMp 
and  T phase. 


-iUoy  -and  Condition 
Specification 
Feat’ores  of  Str-xeture 


Fimxre  VIII-31  illustrates  the  transverse 
struct;:s?e. 


Corrosior  of  Mixed  Acid 
Liquid  Solution 


Corrosion  of  M-ixed  Acid 
Liquid  Solution 


LY17CS 

5 . 0 m.  thick 

rarnare  VIII-32  illustrates  the  lon'^itudinal 
structure  of  a plate.  The  alloy  has  cornpletely 
recirrstalized,  and  the  remnant  soluable  phases 
arran'^e  themselves  alonv  the  direction  of 
pressure  esctension.  On  the  matrices  of 
there  are  more  particles  se'Te'‘ated  from 
T(CuI'nq.'ll22)  phase, 

Fi'Tire  VIII-33  illustr-’tes  the  transverse 
structure. 


Alloy  and  Condition 
Specification 
Features  of  Stiracture 


4.  The  Structure  of  Pressure  Castings 


Fi^e  VTII-3'7 


Corrosion  of  T'ixed  Acid 
Liquid  Solution 


Corrosion  of  l!ixed  Acid 
Liquid  Solution 


LY16R 

25  X 16  mm.  belt  item 


Alloy  and  Condition 
Soecification 


Features  of  Struct-ire  Firure  VTTI-34  illustrates  the 

lons^itudinal  stincture  of  the 
central  part  of  the  far  front  end 
of  a belt  item.  The  cheirdcal 
compounds  are  broken  into  pieces, 
and  the  pieces  arrange  themselves 
alone  the  direction  of  pressure 
esetension.  The  black  ones  are 
T(CuI-^pAl22)  phase  and  the  white 
and  bright  ones  are  CuAl2.  From 
the  matrices  of  o(Al)  separate 
great  many  dispersing  particles  of 
T(Ctf  'n2Al22)  and  Cu.il^. 

Figure  VITI-35  illustrates  its 
transverse  stnacture. 

Fi'-arre  VIII-36  illustrates  the 
structure  of  the  central  part  of 
the  rear  end  of  the  belt  item.  The 
degree  of  decomposition  of  the 
chemical  compounds  is  greater  than 
that  of  the  far  front  end,  but  the 
direct ionalit”"  of  arranging  the 
fragments  along  the  direction  of 
pressure  extension  is  weak  *. 

Figiire  VIII-3T  illustrates  its 
transverse  structure . 
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> 1 


PlfTure  VIII-3^ 


210x 


Figure  VII 1-39 


210x 


Corrosion  of  liixed  Acid 
Liouid  Solution 


Co'rrosion  of  Mixed  Acid 
Liquid  Solution 


Figure  VIII-40 


2lQx 


Fi-rure  ’HI  1-41 


210x 


Corrosion  of  ^!ixed  Acid 
Liquid  Solution 


Alloy  and  Condition 
Specification 
Feat’ires  of  Structiire 


Corrosion  of  I'ixed  Acid 
Liquid  Solution 


Ln6CS 

25  X 16  ran.  belt  iten 

Fiqure  VIir-3S  illustrates  the  lon-^itudinal 
struc'‘’ire  of  the  central  part  (contd.) 
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of  the  f'jr  front  end  of  a belt  item. 

The  alloy  has  completel”’  recr’'stalized, 
and  the  grains  are  coarse  and  lar^e  and 
they  ; §row  felon"  the  direct  ■ on  of  pressiire. 

The  soltyfble  phases  are  alread”  in  solid 
solution  and  the  remnant  chemical  compounds 
arran'”e  themselves  alon"  the  direction  of 
nressure  extension.  Amonr^  them,  Cu^M2  iphase  Is 
^J.te  and  bright  and  T(Cu31n2M22)  phase  is 
dark  broim. 

Figure  VIII-39  illustrates  its  transverse 
structure. 

Figure  VIII-40  illustrates  the  longitudinal 
structure  of  the  central  part  of  the  roar 
end  of  the  belt  item.  Its  recarrstalized 
"rains  are  finer  and  smaller  than  those  of 
the  far  front  end  and  rrow  alonp  the 
direction  of  pressure.  The  remnant  and 
soluable  chemical  compounds  are  smaller  thar 
at  the  front  end. 

Fimjre  7111-41  illustrates  its  transverse 
strict’ ire. 
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Appendix  1.  Chera’cil  Composition  of  Deformable  Aluminum  Alloy 


Humber 

of 

Order 

Alloy  Group 

Kind  of  Heat  Treatment 

Brand  of  Alloy 

i 

5'/mbol ! 

1 

pure 

nlaminum 

heat  treatment  o^  non- 
stre'imtheninm  allov 

No.l  industrial 
hir^hlv  oure  A1 

1 

\ 

L 0 

2 

pure 

aluminum 

heau  treatment  of  non- 
stre"  -theninm  alloy 

Mo, 2 industrial 
himhly  pure  'A1 

L 00 

P’ure 

aluminum 

heat  treatment  of  non- 
stren'^t'n.eninr  alloy 

No.l  industrial 
pure  alminum 

L 1 1 

4 

pure 

aluminum 

teat  treatment  of  non-| 
strexifi-thening  alloy 

Mo. 2 industrial 
pure  alum.inum 

i 

L 2 

5 

pure 

aluminum 

heat  treatrient  of  nm- 
stren-theninf’’  aJLloy 

No. 3 industrial 
piure  aluminum 

L 3 i 

6 

pure 

alamin’jun 

heat  treatment  of  non- 
stren-f'enin'^  alloy 

Ho. 4 industrial 
pure  aluminum. 

L 4 i 

n 

pure 

aluminium 

heat  treatment  of  non- 
strengthenin'^  allo'’’ 

Mo. 5 industrial 
nure  aluminum. 

i 

L 5 

s 

pure 

aliiminum 

heat  treatment  of  non- 
stren"theniny  alloy 

No. 6 industrial 
pure  alum.inum. 

L 6 1 

9 

piure 

aluminum 

heat  treatm.ent  of  non- 
stren'-thenina  alloy 

Mo.”  ind'istr'al 
pure  alu"inum 

L 

10 

heat  treatment  o^  non- 
stren-thenin'i-  allom 

No.l  rust-proof 
'’.luminum. 

L?1 

11 

Al-l'g 

heat  treatment  of  non- 
stren^theninfr  alloy 

No, 2 rus*- -proof 
aluminum 

12 

Al-”m 

heat  treatment  o^  non- 
stre ’ -theninR  alloy 

No. 3 r.ist-proo^ 
alum.inum 

L”3 

13 

heat  treatm.ent  of  non- 
stren  thenina  alloy 

No . 5 ru  st-proo  f 
•’.luninum 

L’^5 

14 

Al-Ife 

heat  treatment  of  non- 
stren-^thenin.ri-  alloy 

No. 6 r.ist-proof 
aluminum. 

L-^  i 

15 

•a-T'c  j 

heat  :reatm.ent  of  non- 
strenrtheninfT  alloy 

No.”  rust-proof 
aluminum 

LF7 

16 

Al-K- 

heat  treatment  o-”  non- 
suren-theniny  allo”’ 

No.  10  ri.ist-proof 
•aliiminuam 

LHIO 

1“- 

Al-''“ 

heat  treatm.ent  of  non- 
stren  -theninrr  allov 

Ho.l-  rust-proof 
'll'-.-  .'  Him. 

L^ll 

1"* 

u-i’r 

heat  trea'-ment  of  non- 
stren"thenine  alloy 

Mo I 21  rust-proof 
aluminum. 

L721 



10 

M-C  -K" 

•'’eat  treatment  of 
stren^f  '-eninsr  alloy 

No.l  hard 
alumin’im 

LYl  i 

heat  treatment  of 
strength eniny  allov 

■RraQRRBlHm 

LY2 

heat  treatment  of 
3‘’.ren''theniny  allov 

No. 6 hard 
alunin-im 

i r^6 
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Apnendix  1.  (continued) 


Imuurity  no  more  than 


aluninum 

iron 

silicon 

copper 

zinc  mansanese 

Fe 

+ Ni 

Fe  + Si 

other 

total 

99.90 

0.06 

0.06 

0.005 

- 

- 

- 

0.095 

- 

0.10 

99.35 

0.1 

0.03 

0.003 

- 

- 

- 

0.142 

- 

0.15  i 

99.'^ 

0.16 

0.16 

0.01 

- 1 

- 

- 

0.26 

- 

0.30 

99.6 

0.25 

. 

0.20 

0.01  i 

- 

- 

0.36 

- 

0.40 

99.5 

0.30 

0.30 

0.015 

- 

- 

- 

i0.45 

- 

0.50 

99.3 

0.30 

0.35 

0.05 

- 

- 

- 

0.60 

0.1 

0.7  j 

99.0 

0.50 

0.50 

0.02 

- 

- 

0.90 

- 

1.0  ; 

98.3 

0.50 

0.55 

n 

0.1 

0.1 

0.1 

1.0 

0.1 

1.2 

98.0 

1.1 

1.0 

0.05 

- 

- 

1.8 

- 

2.0  ! 

sur- 

plus 

O.'r 

0.7 

0.1 

- 

- 

- 

0.1 

1.6  : 

sur- 

■nTna 

0.4 

0.4 

0.1 

- 

- 

- 

0.6 

0.1 

0.8 

Sur- 

plus 

0.5 

- 

0.05 

0.2 

- 

- 

- 

0.1 

0.85  : 

svir- 

plus 

0.5 

0.5 

0.05 

0.2 

- 

- 

- 

0.1 

sur- 

plus 

0.4 

0.4 

0.1 

0.2 

-« 

0.1 

1.2 

sur- 

plus 

0.5 

0.5 

0.05 

0.2 

- 

- 

- 

sur- 

plus 

0.4 

0.4 

0.2 

- 

0.6 

0.1 

1.1 

sur- 

plus 

0.5 

■0.5 

0.05 

7.2 

- 

- 

- 

0.1 

1.35 

- 

sur- 

plus 

0."’ 

0.6 

0.2 

1 0.1 

- 

f'-’  0.05  . 

0.1 

sur- 

plus 

0.5 

0.5 

- 

' 

0.2 

- 

~ 

i 

0.1 

1.4 

sur- 

plus 

0.3 

1 

0.3 

- 

' 0.1 

1 

0.1 

0.3 

sur- 

plus 

0,5 

0.5 

1 “ 

1 

0.1 

- 

1 

I 

“ 1 

0.1 

1.2 

'I’jmber 

of 

Order 


Appendix  1,  (continued) 


illoy  Group  Kind  of  Heat  Treatment  Brand _of  Alloy  S^nnbol 


U-Cu-"e 


il-Cu-K^y 


Al-Cu-I'tg 


Al-Cu-h% 


.U.-Cu-Mp 


M-Cu-^^g 


Al-C-a-?-^- 

Si-Hn 


Al-Cu-MfT- 

Si-Mn 

Al-Cu-l’r- 

Sl-l'n 

.U-Cu-?-'g- 

Si-l-'n 

Ai-Ou-’V- 

Fe-Mi 

Al-Cu-irp- 


Al-Cu->'E- 


liCT 


heat  treatment  of 
strengthening  alloy 


heat  treatment  of 
stren '"theniny  alloy 


heat  treatment  of 
stren'^thening  alloy 


I heat  treatment  of 
stren-’thenina  alloy 


heat  treatment  of 
stren-^thening  alloy 


heat  treatment  of 
stenythening  allov 


heat  treatment  of 
. strengthening  alloy 


• heat  treatment  of 
, strengthening  alloy 
' heat  treatment  of 
: strengthening  alloy 
heat  treatment  of 
stren'^thening  alloy 
; heat  treatment  of 
strengthening  alloy 
: heat  treatment  of 
. j strengf  ening  alloy 
I heat  treatment  of 


^6  ; Al-Zn-’'g-  ' heat  treatment  of 

I 


Al-2n-Mp-  1 heat  treatnent  of 


No. 9 hard 
alumin’jun 


No.  10  har 
aluminm 


No.  11  har’d 
aluminum 


No.  12  hard 
aluminum 


No.  16  h.ard 
aluminim 


ilo.l'’  hard 
aluminum 


No. 2 forced 
alumin’om 


No. 5 forged 

aluminum 

No. 6 forged 

aluminum  

No. 10  forged 

aluminum 

No.'^  "'orged 

aluminum 

No.^?  -^orged 

aliimin-  m 

No. 9 for’^ed 
mimm 


No.  3 superhar'd 


No. 4 sunerhard 


No. 5 superhard 


Appendix  1,  (continued) 


Appendix  2 The  Crystal  Structure  of  Vain 


Phase 

Carystal  Structure 

# 

Lattice  Constant  ( A ) 

Number  of 
Atoms  in 

Each  Cell 

a 

i 

b 

c 

S 

Cu]!g.Al2  or 
Cu2Mg2-’^5 

CuvKgg  Al3_3 

face-centered 
oblique  lattice 

} 

1 

4.01 

. 

1 

j 

9.25  7.15 

16  : 

Iig2Si 

face-centered 
cubic  lattice 

6.351 

12 

1 

O-iAlp 

bod.y-centered 
square  lattice 

6.066 

4.f^'74 

1 

i 

! 

12 

t 

i 

MgZn2 

hexa^’onal  lattice 

5.1s 

8.51'^ 

12  1 

I 

W 

Cu4Mg5Si^Al^ 

body-centered 
cubic  lattice 

12.63 

1 

1 

j 

1 

T 

Kg3Zn3 AI2 

bod'’--centered 
cubic  lattice 

14.19 

1 

' 

162 

T 

OaHno  All  0 or 
CuPlfeSAlf^ 

oblique  lattice 

24.11 

12.51 

7.77  150  1 

FeNiAlcj  or 
FeNi2Ali2  or 
FeNioAll  7 

single 

oblique  lattice 

L_  . 

TiAl3 

body-centered 
square  lattice 

3.S43 

8.596 

375 


Appendix  2 (continued) 
Phase  of  Deformable  Alumin'jm  Uloy  and  The  Characte^’istics  Before 


Color  and  ?bm 
of  Phase  Before 
Corroding 

' ■ ' « 1 I 

! 

2ccHP  + 1 

3ccHCl  + i 
5CCHNO3  + 
25OCCH2O  *1 

n,5ccHF  + 

99.5CCH2O 

IfT 

NaOH  + 
lOOccRpO 

lOg 

NaOR  + 
lOOccHqO 

20cc 
”230/  + 
8OCCH2O 

congregated  cr-'s- 
tals  of  ?/’ellovrish 
grey  and  honey- 
comb shape 

dark  brown 
(strong) 

Blight Iv 

corroded 
color  be- 
comes 
brown 

no 

color 

becomes 

dark 

dark 

brown 

sea  blue  color, 
usually  of  fish- 
bone shape . nrimaiy 
cr'''-stal  of  rhombic 
cake  share 

black 

(strong) 

black 

no 

blue  co- 
lor becom 
-es  deen<- 
er. 

1 

black 

light  rose  color, 
primar’.’'  cr’'’stal  con- 
rre'-ated,  sec-ndar','- 
crvstals  dispersed 
ins'.de  a(.M)  + CujU;] 
the  elliptical  eu- 
tecticum 

no 

> a 

no 

color 

bec'^mes 

dark 

, copper- 
i red 
color 

! 

no 

light  arey  color, 
schistose  cr-stal 

black 

(stron~) 

brown 

no 

no 

slightl" 
corroded 
color  be- 
coBes  black 

light  grey, skeleton 
shaped,  sometimes 
con  -negated  cr’^stal 
of  cake  share 

slightl”- 

corroded 

dark 

brown 

(sensitive 

) no 

no 

sli.ghtly 

corroded 

light  grey,  darker 
than  RgZnq,  honey- 
comb shared 

brown 

no 

no 

no 

severely 

corroded 

"Tey,  schistose  or 
con"rcrated  cr-'’stal 

black 

light  ’ 
brown  and 
. brown 

isli^htli 

corrodec 

r dark 

3 brow. 

slif-htl" 

corroded 

bri~ht  grey,  coarse 
schistose  cr-^stal 
bri'^hter  than  AlO'’’.!: 

brown  to 
dark 

1 brown 

brown 

color 

becomes 

dark 

brown 

no 

bria'ht  grey,  schis- 
tose cr”'stal 

^sli'^htl-''' 

I corroded 

vei^r 

no  1 

i 

liaht 

brown 

no 

» Mixed  liquid  acid  solution  adopted  here. 
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and  After  Corroding 


Appendix  2 (continued) 


25cc 
HMOi  + 
'’5CCH20 

0.5ccHF  + 
1.5ccHCl  + 

2 . 5cc 
HNO3  + 
99,5ccH20 

20ccHCl  + 
20cc 
HNO3  + 
5ccHF  + 
55ccHpO 

10  cc 
H3PO,  + 
9OCCH7O 

10  rr 

Fe( ‘103)3+ 
'’5CCH20 

micro- 

hard- 

Iness 

'Hey 

fusing 

point 

oc 

black 

brown 

dark’ 

brown 

beco  Tries 

dark  brown 

brown  after 

corrodir 

becomes 
dark  brown 
after  cor- 
ig  Toding 

449 

550 

black 

(strong) 

black 

(strong) 

black 

becones 
dark  af- 
,ter  cor- 
roding 

becomes 
dark  af- 
ter cor- 
roding 

450 

1102 

— , - 

copper- 

red 

(strong) 

no 

no 

no 

copper- 
red  and 
brown 
(strong) 

1 

560 

; 

i 

591  1 

1 
i 

black 

black 

black 

becomes 
dark  af- 
ter cor- 
roding 

becomes 
dark  af- 
‘■er  cor- 
rnding 

590  1 

dark 

brown 

slightly 

corroded 

black 

no 

no 

495 

black 

brown 

bro\m 

brov/n  j 

42'’ 

530 

[ 

no 

black 

blue  ' 

i 

1 

no 

no 

702 

! 

no 

brown  and 
black’  brown 

brown  and  i 
black  brown  1 

i 

no 

no 

'’00 

1 

310 

no 

slightly 

corroded 

slightly 

corroded 

no 

_i 

no 

1340  1 

377 


Appendix  2 (continued) 


iiL. 


Phase 

Cru'^stal  Str'-icture . 

Lattice  Constant  ( A ) 

1 ' ' 

1 

a b c 

JJumber  of 
Atoms  in 
Each  Cell 

?eAl^ 

single 

oblique  lattice  ! 

1 

15.520 

i 

^^.099 

12.501 

! 

100  ; 

NiAl3 

oblique  lattice  ^ 

d.611 

'^.366 

4.812 

16  ; 

j 

>InAl, 

oblique  lattice 

i 

6.498 

"•552 

8, 8*70 

28 

hexagonal  lattice 

28.a 

12.38 

Si 

; 

P 

MgjAI,^ 

MgsAl. 

face-centered 
cubic  lattice 

28.16 

1 1 

1166 

(Fe>'n)Al^ 
solid  solution 

1 

i - 

) 

1 

1 

i 

a (Fe3SiAli2) 

; 12. 548 
1 

)9(Fe,Si,Al,) 

1 

|6.12 
i-. 

6.12 

|a.48 

L 

378 


Appendix  2 (continued) 



Color  and  Fbrm 
of  Phase  Before 
Corrodinfj 

2ccHF  + 
3ccHCl  + 
SccHMOo  + 
250ccT^O  « 

0.5ccHF  + 

99.5ccH20 

Ig 

MaOh  + 
lOOccHqO 

lOg 
NaOh  + 
lOOccRpO 

20cc 
H?S04  + 
SCl.ccHqO 

t 

i 

grey, schistose 
cr’.’-stal 

slirhtl’'.'’ 

corroded 

no 

color 

becomes 

dark 

color 

becor:es 

dark 

brown 

corroded 

grey,  schistose 
crystal 

black  brown 
(strong) 

deep  grey 
or 

deep  brown 

color 

becomes 

dark 

dark  li- 
ght broxm 
sometimes 
deep  blue 

light 

dark 

bright  grey, rhom- 
bic crystal  with 
holes  on  it 

no 

slightly 

corroded 

brown 
then  blue 
as  posti- 
tion 
changes 

blue 

.changes 

into 

black 

(strong) 

no 

bright  grey, darker 
than  f^Al^ 

no 

no 

becomes 

broim 

(stron*^) 

strong  no 
even, cor- 
roded be- 
comes dar 

t 

no 

k 

grey,  light  red  undea 
li<^ht,  schistose 
cr-^Gual 

r very 

slightly 

cor”oded 

no 

no 

no 

no 

I'g’it  grey,primar’/ 
crvstalC skeleton  sha 
red'' looser  f' a^OaMg 

sli'^htly 

corroded 

ver'r 

sli'*htl”' 

corroded 

no 

no 

di ssol-' 
ved 

bright  grev,sa"e  as 
MnAl£,,  brighter  ..i 

thm  Fe  Alg 

sli tl"’’  cor 
coded,  color 
no  change 

no 

becomes 

coarse 

color 
beco'“es  ; 
dark 

no 

bri  -ht  grey, brighter 
than  ?e.Al3,FeSiAl3, 
fish-bone  shaped 

no 

no 

no 

no 

^i'-htl'^ 

corroded 

bri'T^t  gre^’’,  darker 
than  Fai\l3a,  coarse 
acicular  cr”-stal 

, 

easy  to  be- 
come light 
brown  _ 

corroded, 

brown 

color 

no 

- i. 

corroded 

color 

changed 

gevfefply 

corroded 

» Mixed  liquid  acid  solution  adopted  here. 
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Appendix  2 (continued) 


(cl 


25cc 

roio^  + 

'75CCH2O 

0.5ccnP  + 
l,5ccHCl  + 
2 . 5cc 
!TN03  + 
99.5ccH,0 

j 

20cc’'Cl  + 
20cc  ! 
HNO3  + ’ 

' 5cc’^?  + 
55ccH-,0  : 

lOcc 

90ccHoO  ' 

i 

lOg 

Pe(NCb).+ 
^SccTI^O  ! 

micro- 

hard- 

ness 

1 

^sing 

point 

'’C 

1 

no 

1 

j sli^htlv 
corroded 

: dark  coloi^ 
becor.es  j 
brown  ' 

no 

color 

beco'~'es 

dark 

i 960 

’ 

1160  i 

no 

sliy’-tly 

i corroded 
! 

, 1 

1 » 

^ slightly  ' 
corroded 

■ i 

dark 

color 

dark 

color 

700 

no 

1 j 

j no 

i i 

; 1 

i 

no  j 

i 

i i 

i ^0 

j 

i ' 

1 

no 

540 

'710  1 

1 

no 

no  1 

\ 

1 

no 

1 i 

I 

t ' 

'’49  1 

1 

322 

[ 

no 

vei7/’  ' 

slightly 

corroded 

slig’’tly 
corroded 
li^’  t blue 

no 

no  ! 

1 

1320 

dissol- 

ved 

slif^htly  slightl-"- 
corroded  corroded 

no 

no 

. 

1 

i 340  ! 

! 452  j 

no 

slightly  cor  sli'^’^tlv 
roded  color  corroed  co- 
no  chnn^e  , lor  no  chn’^ 

i no 

no  : 

i '’04 

Slightly 
corroded ‘ 
color  no ■ 

no  no 

change 

1 

no 

no 

360 

sli-^htly  i 
corroded | 
color  no; 

li"':t  brown 

no 

change 

no 

no 

57^ 

i 

700 

380 
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Appendix  2 (continued) 

i£L 

Lattice  Constant  ( ^ ) 


! 

Phase 

Crystal  Structure 

N'or.ber  of 
Atons  in 
Each  Cell 

d (FeSijAli) 

1 

sqTiare  lattice 

1 

6. 16 

9.49 

1 

1 

i 

i 

Cr,M^  : 

; 

oblique  lattice 

' 1 

1 ' 

24.  i 

i 

1 24.^ 

i 

30.2 

i 

1160  ! 

f 

r 

t 

[ 

1 

(PeiSiSi)  % j 

i 

i 

1 

I 1 

j 

i 

1 

1 1 

, - 

N : 

Cu^FeAl^,  or 
CupFeAl7 

square  lattice 

6,336 

i 

14.!^'’0 

40  ! 

1 

l&lpSiUnQ  ' 

Cubic  lattice 

12.625 

i 

1 

! 

! . i 

IftipSi 


r 


Appendix  2 (continued) 


Color  and  T^brm 
of  Phase  Before 
Corrodina 

2cc”?  + 
3ccHCl  + 
5ccHri03  + 
250ccH20^ 

0.5ccHP  + 

99. 5ccHqO 

' liT 

NaOh  + 
lOOccHpO 

10  g 

liaOh  + 
lOOccHqO 

20cc 

80cc'-p0 

i 

light  grey,  usuall 
schistose  cir^stal 

.y  slightly 
corroded 
color  be- 
onno  dark 

sli^^htly 

corroded 

dark 

color 

dark 

color 

1 

dark 

color  j 

bright  grey, 
schistose  crvstal 

no 

no 

slirhtly 
cor’oded 
co.lor  be- 
comes dark 

li^ht 

brown 

i 

no 

li~ht  grey, branch 
shaped  and  cake 
shaped  coarse 
cjrrstal 

very 

sli.-hty 

corroded 

vellowis’- 
brovm  to 
blue 

sl.  ■ 

corroded 

corroded 

mixed 

colors 

; 

black  1 

bright  grey, aci- 
curlar  cr-^stal  ‘ 
con -re "ate  with 

corroded 

-color 

bec'""'es 

sli~htly 
corroded 
li-ht  grey 
to  dark  t 

dark 

color 

color 
changes 
as  posi- 
“ion  cha^. 

dark  ! 
becomes  j 
black  1 

'■es  i 

bright^^ey,  darker 
than  y.n  , brighter 
than  Si 

" no 

no 

no 

. 

no 

j 

no  ! 

i 

1 

grey,  scattered 
branch-shared  cirr- 
stal 

no 

no 

no 

t 

no 

no  1 

dark  gret, scatterec 
branch— shaped  cry- 
stal 

[ sli-htly 
corroded 

corroded 

light 

sli-'-tly  c 
corroded 

arroded 

Light 

3r.Qim 

sli^’-'t!’'’ 

corroded 

* Klxed  liquid  acid  solution  adopted  here. 
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Figure  II-2  Relation  between  Magnesium  Contents  and  the 
Appearance  of  the  Phase  in  a 

Semi-Continuously  Cast  Aluminium-Magnesium 
Alloy 
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Tensile  strensth  ^ (kg/ mm' 


TemperatureCC)  — ^ 

effects  of  nature 3 on  the 

Structures  and^lroperties  of  a Cold -rolled 
LF6  Alloy  Sheet  (Cold  Deformation  Is  60.o) 


contents,  as  shown  in  Figure  11-4.  As  the  magnesium  content 
is  increased  from  to  5^,  the  recrystallization  temperature 
decreases  correspondingly.  As  t^e  magnesium  content  is  in- 
creased from  3, a to  9A,  the  recrystallization  te.mperature 
increases  with  it.  Moreover,  when  the  magnesium  content  is 
about  5,4,  the  solid-state  solubility  curve  meets  with  the 
recrystallization  temperature  curves. 


In  addition  to  .hat  is  mentioned  above,  the  rec^yrtalli- 
zation  temperatures  of  alloys  are  also  dependent  on  thenrocess- 
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ing  methods  and  the  extents  of  cold-deformation  before  anneal 

ing,  Ilecrystall j ?.ation  temperatures  of  socne  products  of 
industrial  ^ 1 , , 

they, alu. iinium-mr goes ium  system  colioys  are  shown  in  Table  II-3 


Table  I I -3 


Recrystallization  Tenir.eratures  of  lortial 
Iroiucts  ofJ^i^um^'niam-Kagneiiium  System 


Tectmi^cru  Conditions 
Rolling  r Extms ionl _ 


CO  I (50  f . CO  X <50  Ug^^(o» ■•»«■) 


final 


LFS  poll 


Li”®  sheet 


fl 

o 

<H  O 
-P  S. 
tf 

N 0) 

•H  tl  360 
H 3 

+*  M 210 
CO  (D 
>>  Q, 

P S 

O (U 

Q>e-t 

nc5 


atomic  ratio Mgx  — ^ 

Figure  II-4  Relationship  of 
Hecrystsllization  Temperature 
with  Magnesium  Content  in 
Al-Mg  System  Alloys 


1 — Initial  Recrystallination 

Temperatures 

2 — Pina.1  Recrystallization 

Temperatures 

Solubility  Curve 


— • ^ .y. 


rolled 

The  mechanical  properties  of  a cold-^  alloy  sheet 
of  hi^i  aa~nesiur.  content  will  undergo  changes  v/hen  the  sheet 
is  stored  at  room  temperature  for  a long  time,  Figure  II-5 
is  a curve  showing  the  change  in  properties  of  a cold-i’oHed 
Al-Kg  alloy  sheet  having  magnesium  content  v/hen  it  is 
stored  at  room  temperature  for  long  periods  of  time.  As  the 
storage  tirae  increases,  the  strength  of  the  sheet  decreases. 
In  particular,  the  yield  strength  decreases  markedly,  and  the 
elongation  rate  increases  markedly.  This  kind  of  softening 
phenomenon  is  even  more  pronounced  when  the  extent  of  defona- 
ation  and  the  magnesium  content  are  increased.  Under  the 
microscope,  the  structure  does  not  exhibit  any  changes. 


Figure  11-5 


0.1  1 10  100  1000  10000 
lime  of  storage  at  «U>om  Temperature 

Dependence  of  the  Tensile  Strength,  the  Yield 

Strength,  and  the  Elongation  Rate  on  the 

Storage  Time  of  an  Al-6  il’-lg  Alloy  Gold-’^oHed 

Sheet 

Deformation  »— "60>i 
• — • 20% 

X— >«  5% 


J 





Section  3 Structures  of  Cast  rind  wrought  Products 
1,  Phase  Formations 


.Uloy 
Gond ition 


Etchant 


LF12 

Serai-continuous- 
ly  cast  ingot  is 
reaelted  at  750 “C, 
cooled  slowly  to 
430 "G,  and  quenched 
in  water. 

K^FO^ 


iUloy 

Condition 


LF6 

Same  as  Figure 
II-6 


Etchant 


2C:'o  E^SO, 


aqueous  solution 
Structural  Eutectic  <KA1)  + 
features  j5(Mg2Al^) . 

Al^)  are  bone- 
shaped. 


aqueous  solution 
Structural  (PeMn)Alg  appear 
features  as  polygons. 


100 


Pifirure  Ii-8 


2^0x 


Pi^fure  1 1-9 


21  Ox 


/illoy 

Condition 


L?3 

Same  as  Pigiire 
II-6 


Alloy 

Condition 


L?3 

Same  as  Pigure 
11-6 


rstchant 


Mixed-acids 


Not  etched 


Etchant 


aqueous  solution 
1 — PeAl, 


Structural  Eutectic  «'(A1)  + 
features  Mg^Si,  r'*g2^^ 


structural 

features 


needle-like 


are  bone-shaped. 


t 

( 


Figure  11-10  400x 


Alloy  LF2 

Condition  Se.ai-continuously  cast 

Etchant  Mixed-acids  aqueous  solution 

Jtructural  The  veins  of  the  dendritic 
features  netv.’ork  are  composed  of 

1 — FeAl^ 

2 — Mg2Si 
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Pi^re  11-11  4.00X 


Allay  L5'3 

Condition  Semi -continuous- 

ly cast 

Etchant  Mixed-acids 

aqueous  solution 
Structural  The  veins  of  the 

features  dendritic  network 

are  composed  of 
cvCaI)  + Mg2^i 


Alloy  L?5 

Condition  Semi-coritinuously 
cast 

Etchant  Mixed-acids 

aqueous  solution 
Structural  1 — 

features  2 — Kg23i2 


Alloy 

Condition 

Etchant 

Struc  t-aral 
features 


L?6 

Serai-continuous- 
ly  cast 
Mixed -acids 
aqueous  solution 

1 --  ^(M-^Al^) 

2 — Vi^oL 


Alloy 

Condition 

Etchant 

Structural 


400x 


LF12 

Semi -continuously 
cast 

Kixed-acids 
aqueous  solution 

1 — ^(Kg2Al3) 

2 — Mg^Si 

3 — (?eKn).Ug 
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Gtnict  rea  of  logota 


2. 


Figure  11-15 


Alloy  and  Condition. 
Cpocifi cation 
Etchant 

ot  "^ac tural  featunes 


Li‘6  ae-jii-constinuously  cast 

^1 9?niiii 

15,0  iiaCH  aqueous  solution 
Macrostructure,  The  {pr^’ins  are  finer 
t the  edye  portion  than  at  the  niiddle 
and  central  portions. 


Pi-Ture  11-16  2^0x 

Stched  in  Mixed-Acids  Aqueous 
Solution 


Figure  11-13  21 Ox 

Stched  in  Hixed -Acids  Aqueous 
Solution 


Figure  11-17  210x 

Etched  in  riixed-Acids  Aqueous 
Solution 


Fig-ure  11-19  21  Ox 

Etched  in  llixed-Acids  Aqueous 
Solution 


Alloy  and  Condition  Figure  11-16  &Figure  11-17:  a semi- 

coat  inuously  cast  alloy  ingot.  Figure 
11-18  & Figure  11-19;  the  same  ingot 
after  homogenization  (475 "C,  24  hours, 
air-cooled) 
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Specification 
Structural  features 


92aiia 

Figure  II-16  is  the  structure  of  the 
edge  portion  of  the  transverse  cross- 
section  of  the  ingot.  The  dendritic 
network  is  discontinuous. 

Figure  11-17  is  tlie  structure  of  the 
aiddle  portion  of  the  transverse  cross 
section  of  the  ingot.  The  de  .dritic 
network  shows  more  continuity  than  th? 
at  the  edge  portion. 

Figure  11-18  and  Figure  11-19  are  the 
structures  of  the  edge  portion  and  the 
middle  portion  of  the  homogeni 

zed  ingot  respectively.  The  de'idritic 
network  constituents  have  partially 
dissolved  into  the  solid  solution. 
Large  quantity  of  dispersed  particles 
of  phases  such  as  jBCKgpAlj)  are 
precipitated  from  the  <h(a1)  matrix. 
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3 


Structures  of  Sheets 


V.'  V t • ; ‘■Jt -1  '-f  i,"  V . 


Figure  11-20 


1 :1 


Alloy  and  Condition 

Specification 

Etchant 

Structural  features 


LF6R 

6.0mra  thick 

1556  NaOH  aqueous  solution 

The  upper  portion  of  the  figure  is  the 

macrostructure  of  the  sheet  surface, 

which  exhibits  equiaxed  fine  grain 

structure. 

The  lower  portion  of  the  figure  is  the 
raacrostructure  of  the  longitudinal 
cross-section  of  the  sheet.  The  grsins 
are  fine  at  the  edge.  The  grains  at  the 
center  are  elongated  along  the  rolling 
direction. 


10Gx 
■’  ished 


Figure  11-23  100x  Figure  11-24 

structure  of  Electropolished  Jtructure  of  Flectropo 


and  Anodized  Specinen  under  and  /uiodized  3ppcinen  under 


Polarized  Light 


Polarized  light 


LF6R 

6, Oram  thick 

Figure  11-21  and  Figure  11-23  are  the 
structures  of  the  middle  portion  of 
the  longitudinal  cross-section  of  the 

loq 

t 


I Alloy  and  Condition 

[ Specification 

Structural  features 


sheet.  After  the  sheet  has  been  hot- 
defoned,  the  compounds  are  arranged  in 
arrays  along  the  rolling  direction. 
Large  quantity  of  particles  of  phases 
such  as  ^MgjjAl^)  are  precipitated  from 
the  o^(Al)  matrix.  The  sheet  has  under- 
gone recrystallization.  The  grains  are 
elongated  along  the  rolling  direction. 
Figure  11-22  and  Figure  11-24-  are  the 
structures  of  the  middle  portion  of  the 
transverse  cross-section  of  the  sheet. 


Figure  11-25  21  Ox 

Etched  in  Mixed -Acids  Aqueous 
Solution 


Figure  11-26  lOOx 

Structure  of  Electropolished 
and  Anodized  Specimen  under 
Polarized  Light 


Alloy  and  Condition  LF6Y 
Specification  1 .Omm  thick 

Structural  features  Figure  11-25  is  the  structure  of  the 

middle  protion  of  the  longitudinal 
cross-section  of  the  sheet.  After  it 
has  been  cold-deformed,  the  compounds 
are  broken  and  are  arranged  in  arrays 
along  the  rolling  direction.  Large 
quantity  of  particles  of  phases 
such  as  ^(Kig^Al2)  are  still  distributed 
on  the  «<(A1)  matrix. 

Figure  11-26  is  Figure  11-25  under 
polarized  light. 
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Jf'igure  11-27  lOOx 

Structure  of  Electropolished 
and  Anodised  Speciaen  under 
solarized  Light 


Figure  11-28  10 Ox 
Structure  of  Electropolished 
and  .'inodized  Specimen  under 
Polarized  Light 


Alloy  and  Condition 
Specification 
Structural  features 


LFSA 

3.6iniii  thick 

Figure  11-27  is  the  structure  of  the 
sheet  after  240*C  annealing.  Recrystal- 
lized grains  appear  in  the  fibre  struc- 
ture. 

Figure  11-28  is  the  structure  of  the 
sheet  after  230‘*C  annealing.  Recrystal- 
lization is  complete.  The  fibre 
structure  is  completely  replaced  by  re- 
crystallized  grains. 
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Structures  of  Extruded  rroductr 


Alloy  P.nd  Condition 
Spoci fication 


Etchant 

Structural  features 


LP6a 

^30  ’Uii  rod 

XC1 13-35  struotirnl-shape 
20x1  Siam  tube 
^4.aia  ■•■ire 

15?i  NaOK  aqueous  so''ution 
Sho'.v'n  in  the  fiyure  are  the  macrostruct- 
ures of  the  transverse  cross-sections  of 
the  rear  ends  of  the  extruded  oroducts. 
Except  for  the  surface  l.ayers  vhere  rings 
of  coarse  grains  are  found , the  grains 
are  finer  in  th(’  edge  portions  than  in 
central  portions. 


w 


•■^•/■‘■"-•.-^'V*-— *^v;  A., 

• ■'_•-•  u<v.^  « «»  ■■'<  •*  -i 

Figure  11-30 

Etched  in  Mixed-Acids 

Solution 


210x  Fi.gure  II-3I  210x 

Aqueous  Etched  in  Mixed -Acids  Aqueous 

Solution 


Figure  11-3?  luux 

Structure  of  Electro  polished 
and  Anodized  Speciiaen  under 
Polarized  Light 


Figure  11-53  100x 
Structure  of  Electro polished 
and  Anodized  Specimen  under 
Polarized  Light 


Alloy  and  Condition  LF6R 
Specification  ^35mni  rod 

Structural  features  Figure  11-30  and  Figure  11-32  are  the 

structures  of  the  middle  portion  of 
the  rear  end  of  the  rod.  After  it  has 
been  hot-defor:ned,  the  compounds  are 


broken  and  are  arranged  in  arrays 
ailong  the  extrusion  direction.  Large 
quantity  of  particles  of  phases  such  as 
jftCligpAl^)  are  precipitated  from  the 
tx(Al)  matrix.  The  sheet  has  undergone 
recrystallization.  The  grains  are 
elongated  along  the  extrusion  di-r'cction. 
Small  quantity  of  deformed  stmjctures 
still  remain. 

Figure  11-31  and  Figure  11-33  are  the 
structures  of  the  middle  portion  of  the 
transverse  cross-section  of  the  rear 
end  of  the  rod.  Grain  sizes  are  not 
uniform. 


Figure  11-34  100x 

Structure  of  Electropolished 
and  Anodized  Speciiaen  under 
Polarized  Light 

Alloy  and  1F6H 
condition 


Figure  11-35  100x 

Structure  of  Electropolished 
and  Anodized  Speci.nen  under 
Polarized  Light 


Alloy  and 
condition 


features 


Specifi-  XG113-55  struc-  i 

cation  tural-shape  c 

Structural  Structure,  under  : 

features  polarized  light,  i 

of  the  middle 
portion  of  the 
longitudinal  cross- 
section  of  the 
structural-shape . 

The  material  has 
undergone  recryatal- 
lization,  hut  still 
retains  the  deformed 
structure. 


Specifi- 

cation 

Structural 

features 


LF6li  (fired  iso- 
thermal ly  at  390" C 
for  1 hour,  and 
cooled  in  air) 

XG113-55  struc- 
tural-shape. 

Structure,  under 
polarized  light, 
of  the  middle 
portion  of  the 
longitudinal  cross- 
section  0.'^  the 
structural-shape . 

The  material  h^s 
completely  recry- 
stallized, Grains  are 
elongated  along  the 
extrusion  direction. 


Figure  11-36  lOOx 

Structure  of  Electropolished 
and  Anodized  Specimen  under 
Polarized  Light 

Alloy  and  LF6m  (fired  iso- 
condition thermally  at  390°C, 
and  air-cooled  for 
one  hour) 

Specifl-  20xl8mm  tube 
cation 

Structural  Structure,  under 
features  polarized  light, 
of  the  rear  end 
of  the  tube  in 
the  longitudinal 
direction.  It 
has  undergone 
complete  recry- 
stallization , 
and  exhibits 
fine  equlaxed 
grains . 


Figure  11-37  lOOx 

Structure  of  Electropolished 
and  Anodized  Specimen  under 
Polarized  Light 

Alloy  and  LF6M  (fired  iso- 
condition  thermally  at  390°C, 
and  air-cooled  for 
one  hour) 

Specifi-  cold-drawn 

cation  wire 

Structural  Structure,  under 
features  polarized  light, 
of  the  rear  end 
of  the  tube  in 
the  transverse 
direction.  It 
has  undergone 
complete  recry- 
stallizatlon, 
and  exhibits 
equiaxed  grains . 
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Structures  of  i)ie-Porging 


Figure  11-38 


Alloy  and  Condition 
Form  number 
Etchant 

Structural  features 


LF6R 

A-4  Die- forging 

1 NaOH  aqueous  solution 

Structure  of  the  radial  cross-section  of 

the  forging  under  low  power  microscope. 

Flow  lines  travel  uniformly  along  the 

outline  of  the  die. 


Figure  11-39  21  Ox 

Etched  in  Mixed-Acids  Aqueous 
Solution 


Figure  11-40  210x 

Etched  in  Mixed -Acids  Aqueous 
Solution 
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Figure  II  41  lOOx 

Structure  of  Slectropolished 
and  Anodized  Specimen  under 
Polarized  Light 

Alloy  and  Condition  LF6R 


Figure  11-42  lOOx 

Structure  of  Fleet ropolished 
and  Anodized  Specimen  under 
Polarized  Light 


Form  number 
Structural  features 


A-4  Lie-Forging 

Figure  11-39  and  Figure  11-41  are  the 
structures  of  the  central  portion  of 
the  elevated  edge  part  of  the  forging. 

The  compounds  are  distributed  along 
the  metal  flow  direction  after  they  have 
been  broken.  Particles  of  phases  such 
as  ^(Mg^Al^)  are  precipitated  profusely 
from  the  «(A1)  matrix.  The  material  has 
undergone  recrystallization,  and  still 
retains  the  deformed  structure. 

Figure  11-40  and  Figure  II-4?  are  the 
structures  of  the  central  portion  o'^'  the 
body  plate  of  the  forging.  Since  its 
deformation  rate  is  large,  the  direction- 
adity  of  the  compound  distribution  is 
more  pronounced  here  than  in  Figure  11-39. 
The  material  has  undergone  recrystall iza- 
tion,  but  still  retains  the  deformed 
structure. 


CHAPTER  TKRE 


ALUMIHIUW-HAHGAIIESE  Alloys 


Among  the  aluiuinium-mangauiese  system  alloys,  the  one 
that  is  most  often  produced  is  the  labelled  alloy.  It 

has  high  malleability,  good  corrosion  resistivity  and  solder- 
ability,  It  can  be  worked  into  semi-products  such  as  sheets 
rods  and  tubes. 


Chemical  Composition  and 
phase  Por mat  ions. 


Tne  chemical  compositions  of  the  LF21  alloy  can  be  found 
in  Table  III-1,  Manganese  is  the  principal  constituent  of  this 
alloy  system.  As  the  content  of  manganese  is  increased,  the 
strength  of  the  alloy  also  increases  correspondingly.  ’Ahen  the 
manganese  content  is  within  the  range  of  1,0~1,6;4,  the  alloy 
not  only  has  high  strength,  but  also  good  malleability  and 
machinabili ty.  If  the  manganese  content  continues  to  be  in- 
creases, the  strength  of  tne  alloy  will  also  increase,  but  be- 
cause of  the  formation  of  a laitC  quantity  of  the  brittle  com- 
pound I-nAlg,  the  alloy  will  ^r£.cture  easily  during  deformation. 
Therefore,  alloy  that  contains  more  than  1 ,6/o  of  manganese  is 
seldom  use  in  practice. 


Che"ical  Compositions  of  the 
Li<'21  Alloy 


not  more  than 


Fe 

Si  Ctt 

Zn 

Mg 

others 

total 

0.7 

0.6  0.2 

0.1 

0.05 

0.1 

0.75 

?he  addition,  of  xauj^aaese  into  aluminium  can  also  improve 
the  corrosion  re"istivity  of  the  latter. 

Iron  impurity  can  lo'  cr  the  solid  solubility  cf  manranese 
in  alu. ii  iium.  For  example,  the  addition  of  0,03/4  Fe  can  reduce 
the  solubility  of  m.an^anese  at  500*G  from  0.35  4 to  0,1574,  Iron 
dissolve  into  MiAlg  to  form  CFeMn)Alg,  ..hich  is  a phase  that  is 
difficult  to  dissolve,  hard  and  brittle,  and  whose  microhardness 
is  704  kg/min*'. 

In  practice,  it  is  verified  that  the  addition  of  a defi- 
nite amount  of  iron  into  the  a.lloy  c?ui  help  to  reduce  the  grain 
sizes  of  the  sheet.  Therefore,  in  production,  the  content  of 
iron  is  usually  controlled  v/ithin  the  range  0.4/4'"0,7'>4.  However, 
the  sum  of  the  iron  and  .aanganese  contents  must  not  exceed  1.85%, 
for  other'.vlse  accumulations  of  large  quantities  of  coarse  .and 
flake-shaped  (?eMn)Alg  precipitates  will  be  formed,  which  will 
markedly  reduce  the  mechanical  and  technical  properties  of  the 
alloy. 


Silicon  impurity  can  Increase  the  tendency  of  the  alloy 
to  crack  under  thermel  stress,  and  also  reduce  its  castability. 
Therefore,  the  content  of  silicon  should  be  strictly  controlled. 

According  to  the  equilibrium  diagram  of  the  Al-Iig  system 
alloys  (Figure  III-1),  the  following  features  can  be  found: 

1,  The  elope  of  the  liquidus  line  is  very  small,  and 
the  range  of  isothermal  crysta.Ilisation  is  very 
narrow, 

2,  The  vertical  ranges  of  crystallisation  along  the 
liquidus  and  solidus  lines  are  small,  only  0,5-1 .0*0. 

3,  At  the  eutectic  temperature,  the  difference  between 
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maxtmuia  solubility  of  ..ia.ijaaeso  in  alu..Lniu::.  and  the 
content  of  ;.ian£;;anese  at  the  eutectic  i.oint  is  very 
small,  only  G.1'*0.13'/a  iui. 

4.  The  solubility  of  ...twi^auese  in  alu  .iniu'  varies 
widely,  decreasing  drastically  with  temjerat jre. 

Due  to  tne  aforementioned  characteristics  of  the  aluiiiiniua- 
manganese  system  alloys,  together  with  the  small  diffusion  con- 
stant of  manganese  in  aluminium,  serious  preferential  precipi- 
tation inside  the  grains  occurs  during  the  process  of  semi- 
continuous  casting  of  the  alloys,  appearing  as  non-uniformity 
of  distribution  of  manganese  content  within  each  grain  and  den- 
drite. The  concentration  of  manganese  decreases  as  one  goes 
from  the  grain  boundary  or  the  edge  of  the  dendrite  towards  the 
center,  showing  up  as  wave-shaped  structures  under  the  micro- 
scope (Figure  III-2a).  The  LF21  alloy  cannot  obtain  equilibrium 
structures  even  if  it  is  cooled  slowly  during  casting.  Neither 
can  precipitated  particles  of  WnAlg  be  found  on  the  *<Ca1)  matrix, 
/.hen  the  alloy  has  been  remelted  at  760“ C,  cooled  slowly  to  room 
temperature,  and  analyzed  by  means  of  metallography  and  electron 
microprobin.g,  it  has  the  following  features; 

«(A1)  phase:  «(A1)  is  in  supersaturation  and  shows  no 
signs  of  decomposition. 

Mn^SiAl^2  I'in^SiAl^2  appears  in  the  form  of  eutectic 

structures,  which  turns  from  bright  grey  to 
yellowish  brown  in  color  after  etching  in 
0.5/t.  HF  aciueous  solution,  and  turns  blue  upon 
further  etching.  If  10/o  NaOH  aqueous  solu- 
tion is  used,  it  will  appear  dull  grey,  and 
its  outline  becomes  more  conspicuous  (Figure 
III-S  and  Figure  III-9) . 

(FeMn)Alg  phase:  It  appears  in  the  form  of  large  bright 
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grey  plates.  Upon  etching  with  10-o  NaOH 
aqueous  solution,  the  surfaces  become 
rough,  and  the  color  changes  slightly 
(Figure  III-8). 

Under  the  serni-coutinuous  casting  process  of  the  alloys, 
MnAl^,  I-In^SiAl^p,  and  eutectic  (vCaI)  + I'inAl^  exist.  The  MnAl^ 
in  the  eutectic  mixture  appears  as  bright  grey  rods,  which 
turns  to  dark:  grey  upon  etching  with  10,4  NaOH  acueous  solution 
(Figure  III-10), 


Figure  III-1 


Equilibrium  Diagram  of  the  Al-f'In  System 
Alloys 


• J 


*?>  Ooo®^ 


‘W$'r"> 


STfecti:  o-f  Ingot  Hoiiiogeni nation  Procelnres  on 
the  Preferential  Precipitations  v.'ithin  the 
Irains,  on  the  Microhardnesses,  and  on  the 
Irain  Sizes  of  Sheets  after  Annealing 


igure 


The  ingot  is  not  honiogenised . Vave-shaped  preferent- 
ially precipitated  matters  inside  the  grains  are  clearly 


visible.  Microhardnesces  are  not  even.  The  /grains  are 
coarse  after  it  has  been  spun  into  a sheet  with  subse- 
quent annealing. 

T e ingot  has  undergone  hoaiogeni  j'-ation  at  300*C  for  4 
hours.  ?ine  particles  of  cooioounds  such  as  Wnill^  and 
(■!^ei-’n)Alg  are  precipitated  along  the  boundaries  of  the 
dendritic  net\/ork.  Microhardnesses  are  still  not  even. 
The  grains  are  still  coarse  after  it  has  been  spun  into 
a sheet  v.ith  sunsequent  ajinealing. 

The  ingot  has  undergone  houiogen ' zation  at  610~620“C  for 
4 hours.  Particles  of  compounds  such  as  i'lnAlg  are  pre- 
cipitated within  the  entire  dendrite  and  are  evenly  dis- 
tributed. i.icrohard nesses  are  uniform  throughout. 

The  grains  are  fine  after  it  has  been  spun  into  a sheet 
'ith  subsequent  annealing. 

Tfie  ingot  has  undergone  homogenization  at  600 ®C  for  4 
hours.  Since  the  precipitated  particles  re-dissolve 
into  the  solid  solution,  the  microhardnesses  are  not 
uniform  again.  The  grains  are  coarse  after  it  has  been 
spun  into  a sheet  with  subsequent  ajanealing. 


125 


Section  2 Properties  of  Alloys  under  Heat 
Treatments 

During  the  annealing  of  LjP21  alloy  products,  coai'se  grains 
are  produced  extremely  easily  so  that  the  surfaces  become  coar- 
sened or  cracks  appear  when  the  alloy  se:ai-products  are  flushed 
or  bent. 

Testings  verify  the  following:  The  appearance  of  coa'^se 
grains  in  the  alloy  is  due  mainly  to  the  existence  of  serious 
preferential  precipitation  of  manganese  within  the  grains  and 
dendrites  of  the  serai-continuously  cast  ingots.  Since  manganese 
can  raise  the  recrystallizotion  temperature  of  the  alloy  con- 
siderably, the  preferential  precipitation  of  man  anese  inside 
the  ,_rains  can  cause  the  recrystallizati...n  range  to  v/iden,  so 
tliat  coarse  grains  are  easily  produced  during  the  annealing  of 
the  alloy.  In  order  to  ensure  the  formation  of  fine  grains  in 
LP21  alloy  sheets,  the  follov/ing  measures  should  be  adopted: 

1,  Homogenization  of  ingots.  V/heri  an  ingot  is  homo- 
genized below  500*G,  the  effects  of  homogenization  is  difficult 
to  obtain,  no  matter  how  long  the  firing  at  constant  temperature 
is  carried  out.  From  the  micro structure  of  the  ingot,  one  can 
see  that  particles  of  compounds  such  as  MnAlg,  (PeMn)Alg,  and 
Hn^SiAl^2  precipitated  initially  from  the  dendritic  bound- 
aries and  the  grains  boundaries  of  o<(Al).  This  is  a phenomenon 
known  as  congregated  precipitation  caused  by  the  preferential 
precipitation  within  the  grains  (Figure  III-2b),  The  grains  of 
sheets  made  from  this  ingot  remain  coarse  after  annealing.  As 
the  homogenization  temperature  is  increased,  congregated  preci- 
pitation will  gradually  be  reduced.  After  homogenization  at 
600~620*C,  distribution  of  precipitates  such  as  MnAlg  is  even, 
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microhardnesses  are  the  same  from  the  dendritic  boundaries  to 
the  centers  (figure  II1-3),  and  the  sheets  luade  from  the  ingot 
thus  homogenized  have  fine  and  even  grains.  If  the  homogeni- 
zation temperature  is  raised  to  640 *C  close  to  the  solidus  line, 
preferential  precipitation  inside  the  grains  will  re-appear, 
due  to  the  re-melting  of  compounds  such  as  MnAl^;:^  that  was 
precipitated  from  a(Al).  Distribution  of  microhardnesses  is 
then  uneven,  and  the  corresponding  sheets  will  develop  coarse 
grains.  Effects  of  ingot  homogenization  procedures  on  the 
preferential  precipitation  inside  the  grains,  on  the  micro- 
hardnesses, and  on  the  grain  sizes  of  the  sheets  after 
annealing,  are  shown  in  Figure  III-2, 

2.  High-temperature  Rolling.  Raising  the  ingot  homo- 
genization temperature  from  390-440*0  to  480-520*0  can  cause 
the  sheets  to  obtain  fine  grains  after  annealing  (Figure  III- 
4).  This  is  because  high-temp>erature  rolling  can  accelerate 


Center 

Distance  of  Indentation  from  a Dendritic  Network 
Vein  (jnm) 


Figure  III-3  Effects  of  Homogenization  Temperature  on  the 

Kicrohardnesses  and  on  the  Preferential  Pre- 
cipitation within  the  drains 
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the  decomposition  of  the  supersaturated  solid  solution, 

3,  proper  Control  of  Iron  Content.  In  the  situation 
where  small  ainount  of  titanium  is  added  into  the  alloy,  the 
addition  of  iron  of  4yb  or  more  can  reduce  the  sizes  of  the 
grains  markedly  (Figure  III-5). 

4.  Rapid  Application  of  Heat,  LF21  alloy  is  very 
sensitive  to  the  rate  of  heat  application  in  annealing.  Rapid 
application  of  heat  produces  fine  grains.  This  is  because 
the  rapid  application  of  heat  can  cause  the  recrystallization 
range  to  narrow;  the  manganese-rich  and  manganese-poor  portions 
nucleate  at  the  same  time,  so  that  fine  grains  are  produced. 

For  example,  annealing  in  salt  baths  can  lead  to  fine  grain 
structures.  Figure  III-6  shows  the  different  grainularities 
obtained  under  different  rates  of  heat  application.  Grains 
are  finest  when  heated  rapidly  at  high  temperature,  as  shown 

in  8 of  Figure  III -6.  It  is  apparent  from  Figure  III-7  that 
grains  are  finer  when  annealed  in  salt  baths  than  in  box 
furnaces . 
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Effects  of  Hot  ‘^pianing  Teraperature  on  the 
Granularity  of  an  LE21  Al] oy  Gleet 


A 6,0ma  thick  hot-spun  sheet.  Hot  spinning  tenperetnre 
is  390" G.  Frecipitatel  Hn  particles  are  few, 
otructure,  under  polarised  light,  of  a 2,0aim  thick  cold 
spun  sheet  (hot  spinning  tesper-ture  is  390‘’C)  after 
annealing,  Graihs  are  coarse. 

A S.Orara  thick  hot-spun  sheet.  Hot  spinning  te.uperature 
is  520 "C.  Large  quantity  of  fine  and  even  Mn  particles 
are  precipitated. 

Structure,  under  polarized  light  of  a 2.0ra:r;  thick  cold- 
spun  sheet  (hot  spinning  temperature  is  520 "G)  after 
annealing.  Grains  are  fine  and  even. 


Fijjure  I1I-5  iif.fects  of  Iron  Contents  on  the  Granularity 
of  an  LF21  Alloy  Sheet 

a — Hot-spun  sheet  with  0.4?^  iron.  The  large  strips  of 
of  corcpounds  are  the  proeutectic  (FeKn)Alg. 

b — Stricture  of  0,47/o-iron  hot-spun  sheet  under  polarized 
light  after  cold-spin.iing  and  annealing.  Grains  are 
fine  and  even. 

c — 0,31^-iron  hot-spun  sheet.  Primary  (Fel'iK)Alg  are  few 
and  fine, 

d — Structure  of  0.31!^  iron  hot-spun  sheet  under  polarized 
light  after  cold  spinning  and  annealing.  Grains  that 
contain  higher  content  of  iron  are  coarser  than  those 
that  contain  lower  content  of  iron. 
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Pi2ure  III-6  Effect  of  the  Rate  of  Heat  Application  on  the 
Grain  Sizes  of  an  1,5.Tun  Thick  LF21  Alley  Sheet 

1,2, 3, 4 — Hacrostructures  of  the  sheet  after  annealing  in 

air  furnace  (heat  is  added  slowly),  and  firing  at 
constant  temperatures  350‘'C,  400"C,  450'’C,  and 
500*G,  for  4 hours  respectively. 

5, 6, 7, 3 — Hacrostructures  of  the  sheet  after  annealing  in 
salt  bath  (Heat  is  added  rapidly),  and  firing  at 
constant  temperatures  350‘’C,  400‘’C,  450'C,  and 
500 *G,  for  20  minutes  respectively. 

Gomparison  between  1 and  5 reveals  that  the  alloy  is  not 
very  sensitive  to  the  rate  of  heat  application  during  low-tem- 
perature annealing,  but  comparison  between  3,7,4,  and  3 shows 
that  the  higher  the  temperature,  the  greater  the  effect  of  the 
rate  of  heat  application  on  the  grain  sizes. 
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Figure  III-7  Effects  of  Salt  Bath  Annealing  and  Box  Furnace 
Annealing  on  the  Granularity  of  an  LF21  Alloy 
Sheet 


a - 


h - 


- Salt  hath  annealing  : firing  at  500 “C 
constant  temperature  for  20  minutes. 
Grains  are  fine, 

- Box  furnace  annealing  ; firing  at  500' 
constant  temperature  for  4 hours. 
Grains  are  coarse. 


Recrystallization  parameters  of  LF21  wrought  alloy  pro- 
ducts are  listed  in  Table  III-2: 


Table  III-2 


Recrystallization  parameters  of 
LF21  Wrought  Alloy  Products 


+» 

1 i 
•H+» 

Technical 

Condition 

(D 

O tC 

0)  O fj 
PfH  O 

CO*H  -H 

(mm) 

Rolling 

Extrusion 

> 

r«Af/>4ie- 

ATuite 

CC) 

Afetf 

(%) 

reMfoi- 

4Tu^e 

CC) 

beP-eHM- 

/tn»M 

(%) 

Sheet 

1.2S 

ttOOKH 

JtMfttA’ 

84.4 

Sheet 

1.25 

eccFt 

84.4 

Kod 

^110 

380 

90 

# 

380 

90 

Tube 

37*35 

/gmM 

85 

S«tT-MrH 


TiMt 

ACmin) 


4/K 


AK 

FutgA/*e^€ 


9mr-8»m 


Re crystallization 
Temperature 
CO 


initial  final 


30 

320~325 

515~520 

10 

320~330 

530~535 

60 

520~525 

555~560 

lMe»kinv€ 

60 

520~525 

555~560 

eeMHsre 

10 

330~335 

525~S30 

^32 


Section 


Figure  III-8 


3.  The  Structures  of  Ingots  and 
products 


1.  The  Phase  Constitution 


i 


S • K.'* 

a\/‘ 

V*s 


»% 


J 


1 

'iT*  *•  » 


. ■ 


210x 


Alloy 

Condition 


Etchant 

Structural 

features 


Processed 


LF21 

Semi-continously 
cast,  remelted  at 
760°C  for  ^ hours, 
and  cooled  in 
furnace 

10%  NaOH  aqueous 
solution 

1 — (FeMn)Alg 

2 — Mn^SiA1^2 
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Alloy 

Condition 

Etchant 

Structural 

features 


LP21 

Same  as  Fi^re 
III-8 

^0/o  NaOH  aqueous 
solution 

Eutectic  <x’(Al)  + 

Mn^SiAl^2 


Alloy  LF21 

Condition  Semi-continuously 
cast 

Etchant  10%  NaCH  anueous 

solution 

Structural  1 — KaiAl^ 

features  2 — ®f(Al)  + Mn 

Km^SiAl^  2 
eutectic 
mixture 
3 — (FeMn)Alg 


13^ 


Figure  III-T1 

LF21  se:ni-conti:iuou3ly  cast 
^270x1 30mm  hollow  ingot 
75ml  HGl  + 25nl  + 5ml  MF 

Macrostructure  of  ingot.  Grains  are 
fine  and  uniform.  Those  at  the  edge 
of  the  inner  wall  are  slightly  coarser 
than  tne  rest. 


Alloy  and  Condition 

Specification 

Etchant 

Structural  features 


Pigure  III-13  100x 
Structure  of  Electropolished 
and  Anodized  Specimen  under 
Polarized  Light 


Alloy  and 
condition 
Specifi- 
cation 
Etchant 

Structural 

features 


LP21  semi-contin- 
uously  cast 
^270x1 30mni  hollow 
ingot 

10%  NaOH  aqueous 
solution 

Transverse  struc- 
ture of  middle  por- 
tion of  ingot.  The 
veins  of  the  dendri- 
tic network  are  made 
of  c5<(a1)  + MnAl^  and 
«(A1)  + Mn^SiAl-|2 
eutectic  mixtures. 


Alloy  and 
condition 
Specifi- 
cation 
Structural 
features 


Same  ais  Pigure 
III-12 

^270x1 30nim  hollow 
ingot 

It  is  Figure  III-12 
under  polarized 
lignt.  Forms  and 
sizes  of  grains  are 
visib'i  e. 
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Figure  III-14  210 x 

Etched  in  ^0%  NaOH  Aqueous 
Solution 


Figure  III-I6  210 

Etched  in  10';4  KaOH  Aqueous 
Solution 


Figure  III-15  100 x 

Structure  of  Electropolished 
aind  Anodized  Specimen  under 
Polarized  Light 


Figure  I II- 17  100 

Structure  of  Electropolished 
and  /modized  Specimen  under 
Polarized  light 


Figure  III-1S  21  Ox 

Etched  in  10%  NaOH  Aqueous 
Solution 


Figure  III-19  100* 
Structure  of  Electropolished 
and  Anodized  SpeciLien  under 
Polarized  Light 


Alloy  .and  condition  LF21  seiiii-continuously  cast 

Specification  1500x200mm  square  ingot 

Structural  features  Figure  I 11-14  is  the  transverse  structure 

of  the  edge  portion  of  the  ingot.  The 
veins  of  the  dendritic  network  are  coarse 
and  not  continuous. 

Figure  III-15  is  Figure  III-14  under  pol- 
arized light.  The  grains  are  coarse. 
Figure  III-16  is  the  transverse  structure 
of  the  middle  portion  of  the  ingot.  The 
veins  of  the  dendritic  network  are  thin- 
ner than  those  in  the  edge  portion. 

Figure  III-17  is  Figure  III-16  under  pol- 
arized light.  The  grains  are  fine. 

Figure  III-18  is  the  transverse  structure 
of  the  central  portion  of  the  ingot.  The 
veins  of  the  dendritic  network  are  thick. 
Figure  III-19  is  Fig’.ire  III-13  under 
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Iff  prn 


polarized  light.  The  grains  here  are 
coarser  than  those  in  the  middle 
portion. 


I 

I 

i 


i 


\ 

‘j 

/ 

5 


4 


figure  III-: 

20  210x 

Fig'ure  Ill- 

21  210x 

Alloy  and 

LF21  semi-contin- 

Alloy  and 

Same  as  Figure 

condition 

uously  cast  ingot, 
hoTTiogenized 

610*0  for  4 hours 

condition 

III-20 

Specifi- 

^270x1 30i;im  hollow 

Speicifi- 

^192rnm  round 

cation 

ingot 

cation 

ingot 

Etchant 

10‘/a  HaOH  aqueous 

Etchant 

10,4  NaOH  aqueous 

solution 

solution 

Structural 

The  dendritic  net- 

Structural 

The  dendritic  net- 

features 

work  has  partially 

features 

v.ork  has  partially 

dissolved  into  the 

dissolved  into  the 

solid  solution. 

solid  solution. 

particles  of  com- 

Particles of  com- 

pounds such  as 

pounds  such  as 

linAlg  are  precipi- 

MnAlg are  precipi- 

tated from  the 

tated  from  the 

«(A1)  matrix. 

<x(A1)  matrix. 

longitudinal  structures  of  the  edge 
portion  and  the  central  portion  res- 
pectively, The  compounds  are  arranged 
in  arrays  along  the  rolling  direction 
after  they  have  been  broken.  Particles 
of  compounds  such  as  MnAlg  are  preci- 
pitated from  the  e<(Al)  matrix. 

Figure  Iii-23  and  Figure  III-25  are  the 
transverse  structures  of  the  edge  por- 
tion and  the  central  portion  of  the 
sheet  respectively.  Compared  with  the 
central  portion,  the  edge  portion 
suffers  greater  deformation,  and  its 
layer  structure,  though  irregular,  is 
denser  and  finer  than  that  of  the 
central  portion. 


Figure  III-27  tOOx 
Struct  .re  of  Slectropolished 
and  Anodized  Specimen  under 
Polarized  Light 


Figure  III-26  2 
Stechei  in  ^0^  NaOH  Aqueous 
Solution 


Figure  III-29  100x 

Structure  of  Slectropolished 
and  Anodized  Specimen  under 
Polarized  Light 


Figure  III-2S 

Etched  in  ''0^  NaCH  A.queous 
Solution 


LF21Y  (Je formation  rate  is  35%) 

2.0mm  thick 

Figure  III-26  and  Figure  III-27  are  the 


Alloy  and  Condition 
Specification 
Structural  features 


rv'  4 

«^,C 

'**-4gicS5 

longitudinal  structures  of  the  central 
portion  of  the  sheet.  The  compounds 
are  arranged  in  arrays  along  the  roll- 
ing direction  after  they  have  been 
broken.  The  deformed  fibre  structure 
is  clearly  visible. 

Figure  III-23  and  Figure  III-29  are  the 
transverse  structures  of  the  central 
portion  of  the  sheet.  The  directional- 
ity of  compounds  being  arranged  in 
arrays  is  not  as  good. 


lt»4 


figure  III-31  100x 

Structure  of  Electrorolished 


210x 


Figure  III-30  21 
Etched  in  10,4  NaOH  Aqueous 
Solution 


ana  Anodized  Specimen  under 
Polarized  Light 


Figure  III-32  210x  Figure  III-33  100x 

Etched  in  lOo  Aqueous  Structure  of  Slectropolished 

Solution  and  Anodized  Specimen  under 

Polarized  Light 

Alloy  and  Condition  LF21M 
Specification  1.0mm  thick 

Structural  features  Figure  I 11-30  and  Figure  III-31  are  the 

longitudinal  structures  of  the  sheet. 
Precipitated  particles  are  uniformly 


distributed.  The  sheet  has  undergone 
recrystallization.  The  grains  are 
elongated  along  the  rolling  direction. 
Figure  III-32  and  Figure  III-33  ave 
the  transverse  structures  of  the  sheet , 
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Structures  of  Extruded  Products 


Figure  III-34  210x 

Etched  in  ^0/a  NaOH  Acueous 


Figure  III-35  100x 

Structure  of  Electropol ished 
and  Andized  Specimen  under 
Polarized  Light 


Solution 


Figure  III-36  21 
Etched  in  ^0'^  NaOH  Aqueous 
Solution 


Figure  II 1-37  100x 

Structure  of  Electropolished 
and  Anodized  Specimen  under 
Polarized  Light 


Alloy  and  Condition  LF21M 

Specification  27x25m.ii  cold-spun  tube 

Structural  features  Figure  III-34  and  Figure  III-35  are  the 


longitudinal  structures  of  the  tube. 
Precipitated  particles  are  uniformly 
distributed.  Compounds  are  arranged 
in  arrays  along  the  spinning  direct- 
ion. The  tube  has  undergone  complete 
recrystallization. 

Figure  111-36  and  Figure  111-37  are  the 
transverse  structures  of  the  tul.'e. 
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Figure  III-38  210x 

Etched  in  10/4  NaOH  Aqueous 
Solution 


Figure  III  40 
Etched  in  10/4  NaOH  Aqueous 
Solution 


210x 


Alloy  and  Condition. 
Specification 
Structural  features 


Figiure  III-39  lOOx 
Structure  of  Electropolished 
and  Anodized  Specinien  under 
Polarized  Light 


Figure  III-41  lOOx 

Structure  of  Electropolished 
and  Anodized  Specimen  under 
Polarized  Light 


LF21M 

^36x34mm  cold-dra\vn  tube 

Figure  III-38  and  Figure  III-39  are  the 


J 


longitudinal  structures  of  the  tube. 
The  compounds  are  arranged  in  arrays 
along  the  drawing  deformation  direc- 
tion, precipitated  particles  are 
uniformly  distributed.  The  tube  has 
undergone  recrystallization.  The 
grains  are  elongated  along  the  draw- 
ing direction,  with  directionality 
more  marked  than  those  of  the  cold- 
spun  tube. 

Figure  111-40  and  Figure  III-41  are 
the  transverse  structures  of  the  tube 
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CHAPTER  FOUR  ALUMIKIUM-GOPPEH-MAGNESIUM 

ALLOYS 

Aluniiaium-copper-.flagnesium  system  alloys  are  hard  alum- 
inium alloys  that  are  used  rather  early  and  that  find 
applications  in  many  areas.  They  have  good  mechanical  pro- 
perties and  working  properties,  and  can  be  worked  into  semi- 
products such  as  sheets,  rods,  tubes,  structural  shapes  and 
forgings.  They  are  extensively  used  in  the  constructions  of 
national  economy  and  defense. 

Under  usual  circumstances,  the  alloys  of  this  system  can 
be  classified  according  to  their  strength  and  heat  durability 
into  the  following  four  classes: 

1.  Low-strength  hard  aluminium  such  as  LY1  and  LY10; 

2.  Medium-strength  hard  aluminium  such  as  LY1 1 ; 

3.  High-strength  hard  aluminium  such  as  LY12; 

4.  Refractory  hard  aluminium  such  as  LY2. 

In  order  to  improve  the  corrosion  resistivity,  the  sur- 
faces of  hard  aluminium  sheets  are  coated  with  a layer  of  in- 
dustrial-pure aluminium 

Section  1 Chemical  Compositions  and  Phase 

Formations 

The  chemical  compositions  of  alloys  of  this  system  are 
shov/n  in  Table  IV-1 . Prom  the  table,  it  is  seen  that  the 
principal  alloy  elements  are  copper,  magnesium,  manganese, 
etc.,  and  the  impurities  are  iron,  silicon,  nickel  and  zinc. 
It  can  be  seen  from  the  analysis  of  the  ratios  between  copper 


and  magnesium  in  the  alloys  that  these  ratios  have  a great 
effects  on  the  properties  of  the  alloys. 

Table  IV- 1 Chemical  Compositions  of  Al-Cu-Hg  System 

iVlloys 


Alloy 

Label 

Principal  Constituents<%) 

Impurity,  not 

more 

than 

Cu 

Mg 

Mn 

Cr 

Ti 

Fe 

Si 

Mn 

Zn 

Ni 

Fe  + Ni 

amn 

wrifi. 

LYl 

2.2~3.0 

0.2~0.5 

— 

— 

0.5 

0.5 

0.2 

0.1 

0.1 

1.40 

LY2 

2.6~3.2 

2.0~2.4 

0.45~0.7 

— 

— 

0.3 

0.3 

— 

0.1 

— 

— 

0.1 

0.80 

LY4 

3.2~3.7 

2.1~2.6 

0.5~0.8 

Be 

0.001*0.01 

0.05~0.4 

0.3 

0.3 



0.1 





0.1 

0.80 

LY6 

3.8~4.3 

1.7~2.3 

0.5~1.0 

Be 

C.001-0.005 

0.03~0.15 

0.5 

0.5 

— 

0.1 

— 



0.1 

1.20 

LY8 

3.8~4.5 

0.4~0.8 

0.4~0.8 

— 

— 

0.5 

0.5 

— 

0.1 

— 

— 

0.1 

1.20 

LY9 

3.8~4.5 

1.2~1.6 

0.3~0.7 

— • 

— 

0.5 

0.5 

— 

0.1 

— 

— 

0.1 

1.20 

LYIO 

3.9~4.5 

0.15~0.3 

0.3~0.5 

— 



0.2 

0.25 

— 

0.1 

— 

— 

0.1 

0.65 

LYll 

3.8~4.8 

0.4~0.8 

0.4~0.8 

— 

— 

0.7 

0.7 

— 

0.3 

0,1 

0.7 

0.1 

1.80 

LYl  2 

3.8~4.9 

1.2~1.8 

0,3~0.9 

— 

— 

0.5 

0.5 

— 

0.3 

0.1 

0.5 

0.1 

1.50 

.Vhen  the  magnesium  content  in  the  alloy  is  low,  copper 
will  combine  with  aluminium  to  form  CuAl2»  which  is  the  prin- 
cipal phase  in  both  the  low-strength  and  medium-strength  hard 
aluminium  alloys. 

When  the  magnesium  content  is  increased,  especially  in 
high-strength  hard  aluminium,  magnesium,  copper  and  aluminium 
'Will  combine  with  one  another  to  form  sCCuKigAlg)*  which  has 
better  hardening  effect  than  does  CuAlo* 

The  addition  of  0,3'''l.0%  of  Mn  into  the  alloys  can  reduce 
the  detrimental  effects  caused  by  iron,  and  improve  the  corro- 
sion resistivity  of  the  alloys.  Manganese  can  also  reduce  the 

grains  sizes  of  the  alloys,  accelerate  ageing  effects,  and 
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delay  the  recrystallization  processes  during  extrusion  and 
solid-solution  treatiaents,  thereby  iiaproving  the  iiieachanical 
properties  of  the  products.  (Vhen  the  manganese  content  exceeds 
accuraulations  of  coarse  (FeMn)Al^,  a brittle  compound,  ap- 
pear, causing  the  technical  properties  of  the  alloys  to  deter- 
iorate . 

In  the  LY12  alloy,  the  elements  copper,  magnesium  and  mo.n- 
ganese  have  the  following  effects  on  the  stability  of  the  solid 
solution : 

1.  As  the  total  content  of  copper  and  magnesium  is  in- 
increased,  the  stability  of  the  solid  solution  will 
decrease. 

2.  In  copper-rich  LY12  alloy,  increasing  the  manganese 
content  from  O.^/o  to  0.3/o  will  increase  the  stability 
of  the  solid  solution. 

3.  la  copper-poor  alloy,  the  increase  in  manganese  con- 
tent will  cause  the  stability  of  the  solid  solution 
to  decrease.  If  the  magnesium  content  is  increased, 
the  stability  of  the  solid  solution  will  not  be 
affected. 

4.  The  minimum  stability  teraperature  of  the  solid  solu- 
tion is  350-375 "C.  If  the  manganese  content  in  the 
alloy  is  increased,  the  stability  of  the  solid  solu- 
tion at  this  temperature  will  further  be  reduced, 
causing  the  solid  solution  to  decompose  earlier  than 
usual.  Ho'wever,  at  450*0  and  even  <|t  400"C,  the  time 
at  which  the  solid  solution  begins  to  decompose  will 
unusually  be  lengthened  markedly. 

The  addition  of  titanium  into  the  alloy  can  reduce  the 
grain  sizes,  and  lower  the  tendency  of  the  alloy  to  develop 
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thermal  crack:s.  In  manufacturing  alloys  for  soldering  strips 
and  fillings,  small  amount  of  titanium  should  be  added. 

Iron  and  silicon  are  the  impurities  ele':;ents  in  the  alloys. 
Iron  and  copper  can  combine  to  fon;.  CUoFeAly,  an  insoluble  com- 
pound, thus  causing  the  hardening  phases  GUAI2  nnd  S(CuMgAl2) 
to  decrease  in  quantity  in  the  alloys,  so  that  the  age-harden- 
ing effects  of  the  alloys  are  reduced.  Iron  can  also  combine 
with  silicon  and  ;:ianganese  to  form  coarse  (PeMnSi)Alg  and 
(PeMn)Alg,  which  are  brittle  compounds,  causing  the  technical 
properties  to  deteriorate.  Tnerefore,  in  the  LY12  alloy,  the 
iron  content  should  be  controlled  below  0.5/6. 

In  ii Igh- strength  hard  alumiaium  alloys,  silicon  can  lower 
the  hardening  effects  of  the  alljys.  After  the  alloys  have  been 
naturally  aged,  the  strength  will  decrease  as  the  silicon  con- 
tent is  increased.  Therefore,  its  content  should  be  controlled 
below  0.5:76. 

Production  practices  verify  that  the  iron  content  should 
be  larger  than  the  silicon  content,  in  order  to  lower  the  thermal 
brittleness  of  the  alloys.  However^  in  the  LY11  alloy,  the  sili- 
con content  should  be  larger  than  the  iron  content,  in  order  to 
improve  the  castability  of  the  alloy. 

Nickel  is  also  a harmful  impurity  in  l^ard  aluminium  alloys. 
Nickel  in  the  alloys  can  combine  with  copper  to  form  the  inso- 
luble compound  AlGuJU,  so  that  the  hardening  phases  CUAI2  and 
3(Gu;-lgAl2)  are  reduced  in  quantity,  causing  the  mechanical 
properties  to  decrease.  Therefore,  the  nickel  content  in  the 
alloys  should  be  controlled. 


Although  zinc  impurity  does  not  have  any  effect  on  the 


room  teiii^erature  properties  of  the  alloys,  it  can  reduce  the 
thermal  strength  of  the  alloys  imuenaely.  At  the  same  time, 
zinc  can  increase  the  tendency  of  the  alloys  to  develop  cracks 
during  casting  and  soldering,  so  it  should  be  strictly  control- 
led. 


It  is  apparent  from  the  Al-Cu-Mg  system  ternary  equili- 
brium diagram,, ISat^^he^ low-strength  nard  aluminium  alloy  LY10 
is  situated  in  the  ot'(Al)  + CUAI2  phase  zone.  Its  principal 
hardening  phase  is  CUAI2.  The  alloy  LY1  is  situated  in  the 
tx(Al)  + GUAI2  + d(GuMgAl2)  phase  zone  boundary,  and  its  prin- 
ciptil  harcfenirig  phase  is  also  CuAl2«  The  raer3ium-strength 
hard  aluminium  alloy  LY11  is  situated  at  the  left  side  of  the 
flr(Al)  + GUAI2  + 3 phase  zone.  Its  principal  hardening  phase 
is  CUAI2,  as  well  as  cu  small  amount  of  c3(CuMgAl2)  phase  (v/hen 
the  silicon  content  in  the  alloy  is  low).  The  high-strength 
hard  alumiriiu.r.  alloy  LY12,  owing  to  its  higher  content  of 
magnesium,  is  situated  at  the  rig:  t side  of  the  of(Al)  + CUAI2 
+ S phfise  zone.  Its  principal  hardening  phase  is  S(CuMgAl2)» 
followed  by  GuAl2«  The  refractory  alloy  1Y2  is  situated  in 
the  (wCaI)  + S phase  zone.  Its  principal  hardening  phase  is 
3(Gu>ig/U-2)  • Because  of  the  fluctuation  of  compos i tions , small 
amount  of  GUAI2  can  also  appear. 

The  appearance  of  the  principal  hardening  phases  in  the 
alloys  should  be  deter:iiined  by  the  following  ratios,  '.vhen 
GuiMg  is  equal  to  or  less  than  2,6,  the  S(GuMgAl2)  phase  is 
formed;  when  Gu;Mg  exceeds  2,6,  either  the  S and  GUAI2  phases 
or  the  CUAI2  phase  is  formed. 

Iron,  silicon,  manganese,  and  copper  in  the  alloys  react 
with  one  another  to  form  PeAl^,  (PeMn)Alg,  CUgPeAl.^,  and 
(PeMnSi)Alg,  which  are  brittle  impurity  phases.  During  heat 


treatment  processes,  these  impurity  phases  do  not  dissolve 
into  the  .matrices  easily,  Silicon  can  also  combine  with  mag- 
nesium to  form  Mg^Si,  which  exists  as  a hardening  phase  in  the 
LY11  alloy. 

Through  the  analyses  of  metallography  and  electron  micro- 
probing, the  hardening  phases  and  some  of  the  impurity  phases 
of  typical  hard  aluminium  alloys  under  the  semi-continuous 
casting  condition  are  listed  as  follows;  CuAl^  in  the  LY10 
alloy  (Figure  IV-4) ; CUAI2.  and  GU2FeAl'7  in  the  LY11 

alloy  (Figure  IV-5  and  Figure  IV-11);  GuAl2»  3(CuMgAl2)»  and 
(FeMndi)Al5  in  the  LY1 2 alloy  (Figure  IY-6,  Figure  17-8, 

Figure  IV-9,  and  Figure  17-10);  and  S(CuKgAl2)  and  GUAI2  in 
the  1Y2  alloy  (Figure  17-7). 

GuAl^  phase;  Under  the  semi-continuous  casting  condition, 
it  exists  either  in  the  binary  eutectic  «(A1)  + CuAl^  mixture, 
or  in  the  ternary  eutectic  <x(Al)  + GUAI2  + S(CuiIgAl2)  mixture. 

Before  etching,  GUAI2  a very  faint  pink  color.  When 

etched  in  25%  aqueous  solution  (room  teiaperature)  followed 

by  10gm  .NaOH  lOOral  H2O  (70"  C)  for  3-5  min.  each  turn,  CUAI2 
changes  its  color  to  copper-red.  If  GuAl^  is  etched  by  mixed- 
acids  aqueous  solution,  and  then,  rubbed  with  25%  HMO.^  aqueous 
solution  to  remove  the  black  films,  sometimes  it  can  appear 
copper-red.  This  is  due  to  the  etching  of  25%  HNO5  aqueous 
solution,  and  should  not  be  mistaken  as  the  etching  effect 
caused  by  the  toixed -acids  aqueous  solution, 

S(CuFigAl2)  phase;  The  eutectic  structure  formed  by 
S(OuMgAl2)  and  i»f(Al)  appeeurs  greyish-yellow  and  honeycomb-like 
before  etching,  and  turns  blackish-brown  after  etching  in 
25%  HhO^  aqueous  solution,  and  brown  to  dark  brown  after  etch- 
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ing  in  mixed-acids  aqueous  solution. 


MggSi  phase;  see  Chapter  Five  on  /l-Mg-Si-Cu  system  alloys 

(FeMnSi)Alg  phase:  ijee  Chapter  Eight  on  Al-Cu-Mn  system 
alloys, 

Cu^PeAl.^:  It  appears  needle-like,  bright  grey  in  color 

before  etching,  and  brown  in  color  after  etching  in  mixed-acids 
aqueous  solution. 

Section  2 Properties  of  Alloys  under 
Heat  Treatments 

The  alloy  composition  of  LYI 2 is  situated  in  the  shaded 
area  in  Figure  IV-2.  It  is  found  from  metallographical 

anadysis  that  when  the 
LY12  alloy  is  quenched 
below  480*C,  CUAI2  in  the 
binary  eutectic  mixture 
changes  little,  whereas 
the  S and  CuAl^  phases  in 
the  ternary  eutectic  mix- 
ture dissolve  markedly  in- 
to the  solid  solution.  If 
quenching  is  carried  out 
at  490* C,  CuAlj  in  the  bi- 
nary eutectic  mixture  will 
begin  to  dissolve,  as  well 
as  the  CuAlg  •'^-nd  S phases 
in  the  ternary  eutectic 
mixture.  When  the  alloy 
is  quenched  at  502 ®C, 


Weight  iA)  M.  — 
Figure  IV-1  Distribution  of 


Aluminium-Rich  Solid-State 
Phase  Zones  of  the  Al-Cu-Mg 
System  Alloys 


r 


CuAl^  in  the  binary  eu-  ji 

tectic  mixture  shows 
marked  dissolution  into 
the  solid  solution.  The 
feature  is  that  the  con- 
tent of  the  phase  formed 
is  less  than  that  at  low 
temperature,  and  the 
boundaries  of  the  residual 
phase  become  smooth,  rfhen 
the  alloy  is  quenched  at 
505*C,  the  dissolution  of 
the  phases  proceeds  more 
fully,  and  the  principal 
hardening  phases  decrease 
in  quantity  markedly,  but 
spherical  alloy  eu- 
tectic structures  and  local 
re-raelting  at  the  grain 

boundaries  (the  alloy  has  been  over-fired)  appear.  As  the  temperature 
is  raised,  the  re-melting  of  the  eutectic  mixtures  is  more 
pronounced,  bince  the  separation  between  the  «(a1)  + S + GUAI2 
ternary  eutectic  temperature  and  the  temperature  at  which  the 
soluble  phases  in  the  LY12  alloy  can  dissolve  into  the  solid 
solutions  fully  is  very  narrow,  this  alloy  is  extremely  sensi- 
tive to  over-firing.  Under  the  production  conditions,  the 
quenching  temperature  of  495~500*C  can  be  used  for  the  LY12 
alloy, 

i 

v.hen  alloys  of  this  system  that  are  quenched  and  artifi- 
cially aged  are  compared  to  those  that  are  quenched  and  natu- 
rally aged,  the  former  are  more  susceptible  to  intergranular 


Figure  IV-2  Vertical  Cross- 
Section  of  Al-X  in  Figure  1 of 
the  General  Discussion 
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corroaion.  tliain  the  latter,  so  this  type  of  treatment  should 
only  be  uaed  in  making  high-temperature  structures.  For 
ordinary  stmctures,  quenching  and  natural  ageing  is  used. 

It  can  be  seen  from  Figure  IV-5  that  the  tensile  strength  and 
yield  strength  do  not  increase  markedly  until  1 hour  after  the 
alloy  has  been  quenched.  They  then  begin  to  rise  rapidly. 

12  hours  after  quenching,  the  rates  of  increase  slow  down. 

48  hours  after  quenching,  the  tensile  strength  and  yield  strength 
remain  basically  constant,  reaching  their  maximum  values. 


Time  (Hours) 


Figure  IV-3 


Dependence  of  the  Mechanical  Properties  of  the 
LY12  Alloy  on  the  Natural  Ageing  Time  After 
Quenching 


The  rate  of  quenching  has  a very  strong  effect  on  the 
corrosion  resistivity  of  the  alloys.  Corrosion  testings  on 
LY11  and  Lyl 2 alloys  show  that  their  loss  in  strengths  is 
related  to  the  rate  of  quenching:  the  higher  the  rate  of 
quenching,  the  smaller  the  loss  in  strengths,  and  the  better 


. ■ W Vv. 
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F 
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the  corrosion  resistivity.  If  the  rate  of  quenching  is  lower- 
ed, compounds  (such  as  CUAI2)  will  precipitate  profusely  from 
the  supersaturated  solid  solution  along  the  grain  boundaries, 
thereby  lowering  the  corrosion  resistivity  of  the  alloy.  For 
the  LY1 1 and  LY1 2 alloys,  the  quenching  rates  for  the  lowest 
corrosion  resistivity  are  20*G/sec  and  14*G/sec  respectively. 

However,  slower  rates  than  the  above  will  increase  the  corro- 
sion resistivity  slightly.  This  could  be  due  to  the  fact  that 
under  very  slow  quenching  rate,  very  widespread  decomposition 
and  precipitation  occurs. 

Quenching  for  more  than  one  times  has  definite  effects  on 
the  properties  of  the  alloys.  For  example,  the  yield  strength 
of  an  1Y12  alloy  thick-'walled  structural-shape  material  generally 
decreases  after  quenching  for  more  than  one  times.  A thin-walled 
structural-shape  material,  when  the  extrusion  effect  exists,  has 
its  yield  strength  lowered  by  about  4k:g/inm  after  multiple  quenching. 

The  recrystallization  features  of  the  1Y1 1 and  LY1 2 alloys 
are  as  follov.s: 

1,  For  the  saiae  type  of  alloy,  working  methods  have 
very  pronounced  influence  on  the  recrystallization  of  the  alloy. 

The  recrsyatllization  temperatures  of  extruded  products  are 
generally  higher  than  those  of  rolled  products.  The 
recrystallization  temperature  ranges  of  the  former  are  also 
wider  than  those  of  the  latter.  In  particular,  for  once- 
extnided  products,  the  final  recrystallization  temperatures 

are  usually  above  the  over- firing  temperatures, 

2,  The  recrystallization  temperatures  of  hot-rolled 
are  higher  thfm  those  of  the  cold-rolled  products, 

3,  For  hot-rolled  sheets  with  low  deformation  rates 
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and  rods  of  large  specifications,  they  exhibit  elongated  recry- 
stallized grains.  For  cold-drawn  tubes,  cold-spun  tubes,  and 
cold-rolled  sheets  tha~  have  large  deformation  rates,  they  ex- 
hibit equiaxed  recrystallized  grains  during  recrystallization. 

The  recrystallization  temperatures  of  the  LY1 1 and  LY12 
products  are  determined  througii  testings  and  are  listed  in 
Table  IY-2. 


Table  IV-2  Recrystallization  Pnramters  of  the 
LY11  and  LY12  Alloys 


1 

Technical  Conditions 

Keclt'fSTliLLiiAri«'<l 

rsnFSiZAru^^e  (°C) 

Rolling  j 

o 

0) 

Method 

/H 

fH 

' t-i 

rt 

t* 

5;^ 

Tt«^- 

eonitt 

ATtCM 

TCMf’- 

\ AtiCH 

^4*T  1 

1 

J 

# 

initial 

final 

1 

(°C) 

(%) 

(°C) 

(%) 

^ ^ 1 
pu^itS<£  I 

LYll 

Sheet 

6.0 

420 

96 

0) 

o 

cO 

g 

20 

310~315 

355~360 

1.0 

84 

20 

250~-255 

275~280 

kod 

<fi  10 

370^420 

97 

20 

360~365 

535~540 

Tube 

18X  15 

1 

98 

P 

20 

270~275 

315~320 

LY12 

Sheet 

b.O 

420 

96 

20 

350~355 

495~500 

Rod 

1.0 

^90 

iiOCM 

1 83 

370 

94 

•H 

20 

20 

270~275 

380~385 

305~310 

530~535 

) 

I 

Tube 

83X  27 

1 

1 

370^420 

89 

20 

380~385 

535~540 

* Firing  time  at  constant  temperature 


1,  Phqse  i’or'nations 


Alloy  LY10 

Condition  Senii-continuously 
cast 

Etchant  i'lot  etched 

Structural  Sutectic  «(A1)  + 

features  CuAl2f  reseables 

veins  of  a net, 
CuAl^  appears 
copper-red . 


/JLloy 

Condition 

Etchant 

Structural 


LY11 

Seai -continuously 
cast 

25/^  HKO^  anueous 
solution 

1 — Eutectic  o‘(.il) 

+ CUAI2,  resem- 
bles veins  of  a 
net,  CUAI2  ap- 
pears copper-red, 

2 --  Eutectic  o«(Al) 

+ I%2Si.  Mg2Si 
is  black  and 
bone-shaped. 


Alloy 

Condition 


Etchant 


Structural 

features 


LY12 

Semi -continuously 
cast 

25/0  aqueous 

solution 
1 — Eutectic 

<x'(A1  ) + CUAI2 


Alloy 

Condition 

Etchant 

Striactural 

features 


+ SCCuMgAl^), 
honey comh-l ike . 
S -phase  appears 
hrovvn, 

2 — Eutectic 

(x(A1)  + GuAl^. 
GUAI2  appears 
copper-red. 


LY12 

3 em- continuously 
cast 

257t>  HNO^  aqueous 
solution 

1 — Eutectic 

«(A1)  + CuAl2, 
GuAl^  appears 
copper-red . 

2 — Eutectic 

«(A1)  + CUAI2 
+ 3(GuI-'igAl2) . 
S-phase  is 
"brov/Ti  and  honey- 
comb-like , 
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Alloy  LY12 

Condition  Semi-continuously 
cast 

Etchant  Not  etched 

Structural  Structure  of  the 

features  elevated  area 

where  preferential 
precipitation 
takes  place  in  the 
ingot 

1 — (PeMnSi)Alg, 
light  grey  in 
color,  branch- 
shaped. 


Alloy  LY1 2 

Condition  Semi-continuously 

cast 

Etchant  20%  H^SO^  aqueous 

solution 

Structural  Struccure  of  the 

features  elevated  area 

where  preferential 
precipitation 
takes  place  in  the 
ingot 

1 — (FeMnSi)Alg, 

branch-shaped ; 
becomes  black- 
ish brown  in 
color  after 
etching. 
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320x 


Figure  IV-1 

Alloy 

Condition 

Etchant 

Structural 

features 


0 320x 

LY12 

Semi- continuously 
cast 

Not  etched 


Figure  IV-I 

Alloy 

Condition 

Etchant 


Structure  of  the  Structural 

elevated  area  features 

where  preferential 
precipitation 
takes  place  in  the 
ingot  surface, 

1 — Primary  Mg23i, 

turquoise  polygon. 

2 — «(A1)  + MgjSi 

eutectic,  Mg^Si 
is  turquoise 
and  hone-shaped. 


1 

LYll 

Semi-continjously 

cast 

20?^  H23O4  aqueous 
solution 

Structure  of  the 
elevated  area 
where  preferential 
precipitation 
takes  place  in  the 
ingot  surface. 

1 — Primary  Kg^Si, 

black  polygon. 

2 — «(A1)  + Mg^Si 

eutectic.  MggS 
is  black  and 
bone-shaped, 

3 — Gu^FeAl^,  deep 

grey  and  needle 
like . 


Alloy  and  Condition 
Specification 
Structural  features 


jrigure 

LY12  serai-contiuuously  cast 
^1 92mm  round  ingot 

Figure  IV-12  is  the  transverse  macro- 
structure of  the  head  of  the  ingot. 

The  grains  are  fine  and  uniform.  Those 
in  the  6<*<7  mm  thick  zone  near  the  surface 
are  finer  than  the  rest . 

Figure  IV-13  is  the  structure  of  the 
portion  where  the  ingot  cleaves.  Grains 
are  fine  and  even. 
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Figure  IV- 14  21  Ox 

Etched  in  Mixed-Acids  Aqueous 
Solution 


Figure  IV- 15  lOOx 

Structure  of  Electropolished 
and  Anodized  Specimen  under 
Polarized  Light 


Figure  IV-16  21  Ox 

Etched  in  Mixed -Acids  Aqueous 
Solution 


Figure  IV-17  lOOx 

Structure  of  Electropolished 
and  Anodised  Specimen  under 
Polarized  Light 


Alloy  and  Condition 
Specification 
Structural  features 


LY12  serai-continuously  cast 
^1 92mm  round  ingot 

Figure  IV-14  is  the  transverse  structure 
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of  the  edge  portion  of  the  ingot.  The 
cells  of  the  dendritic  netv.'ork  are 
coarse  and  are  evenly  distributed. 

Figure  IV-15  is  the  same  structure  as 
Figure  IV-14  under  polarized  light. 

The  grains  are  fine  and  uniform.  Pre- 
ferential precipitation  takes  place 
inside  the  grains. 

Figure  IV-16  is  the  transverse  structure 
of  the  central  portion  of  the  ingot. 

The  cells  of  the  dendritic  newtwork  here  is 
smaller  than  those  in  the  edge  portion, 
but  they  are  not  uniform. 

Figure  IV-17  is  the  same  structure  as 
Figure  IV-16  under  polarized  light. 

The  grains  here  are  coarser  than  those 
in  the  edge  portion.  Preferential  pre- 
cipitation takes  place  inside  the  grains. 


Figure  IV-18  210x 

Etched  in  Mixed-Acids  Aqueous 
iioluti  on 


Figure  IV-19  21 Ox 

Etched  in  Kixe  ’-Acids  Aqueous 
Solution 


Alloy  and  Condition 

Specification 
Structural  features 


LY1 2 seiui-continuously  cast,  and  homo- 
genized at  485 for  12  hours 
^192iiim  round  ingot 

Figure  IV-13  and  Figure  17-19  are  the 
transverse  structure  of  the  edge  por- 
tion and  of  the  central  portion  res- 
pectively, After  homogenization,  the 
dendritic  network  has  partially  dis- 
solved into  the  solid  solution,  while 
a large  amount  of  manganese -bearing 
compound  particles  are  precipitated 
from  the  o<(Al)  matrix. 
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Figure  IV-20  2 •- 1 

Etched  in  18?i  NaOH  Aqueous  Solution 


Alio:'  3nd  Condition 
Specification 
Structural  features 


Figure  IV-21  2:1 

1Y12  serni-co.'itinuously  cast 

^270x1 06miii  round  hollow  ingot 

Figure  IV-20  is  the  macro structure  of  the 

ingot.  The  grains  are  fine  and  uniform. 

Figure  IV-21  is  the  structure  of  the 

protion  where  the  ingot  cleaves,  whi6h 

ia  fine  a..d  dense.  The  cleavase  is  smooth 


Figure  IV-25  210x 

Etched  in  Mixed -Acids  Aqueous 
Solution 


Figure  IV-22  210x 

Etched  in  Mixed-Acids  Aqueous 
Solution 


Figure  IV-24  21  Ox  Figure  IV-25  210x 

Etched  in  Mixed-Acids  Aqueous  Etched  in  Mixed-Acids  Aqueous 
Solution  Solution 


LY12  Semi-continuously  cast 
^270x1 06nira  round  hollow  ingot 
Figure  IV-22  is  the  structure  of  a 
hunch  area  in  the  inner  surface  where 
preferential  precipiatation  takes  place 


Alloy  and  Condition 
Specification 
Structural  features 


The  cells  of  the  dendritic  network 
are  small  in  size  and  the  separations 
between  adjacent  cells  are  thick.  A 
large  amount  of  impurity  phases  are 
visible, 

Figure  IV-23  is  the  structure  of  an 
area  15mm  deep  from  the  inner  surface. 
The  cells  of  the  dendritic  network  are 
coarse  and  the  separations  between 
adjacent  cells  are  thin. 

Figure  IV-24  is  the  structure  of  the 
middle  portion  of  the  ingot.  The 
cells  of  the  dendritic  network  are 
fine  and  uniform,  but  not  entirely 
continuous.  The  separations  between 
cells  are  thin  compared  with  the 
preferentially  precipitated  hunch  area. 
Figure  IV-25  is  the  structure  of  an 
area  20mm  deep  from  the  inner  surface. 
The  cells  of  the  dendritic  network  is 


coarse,  and  the  separations  between 


adjacent  cells  are  thick. 
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Structures  of  Sheets 


Figure  IV-26  21  Ox 
Etched  in  Mixed -Acids  Aqueous 
Solutioxi 


Figure  17-27  21  Ox 

Etched  in  Mixed-Acids  Aqueous 
Solution 


Figure  IV-28 


2l0x 


Etched  in  Mixed -Acids  Aqueous 


Solution 

Alloy  and  Condition 
Specification 
Structural  features 


■ <».•  i.-  V..  • /fc  •*'.  v'-s 
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Figure  17-29  210x 

Etched  in  Mixed-Acids  Aqueous 
Solution 


LYI  2R 

lOmm  hot-rolled  sheet 
Figure  IV-26  and  Figure  IV-28  are  the 
longitudinal  atructures  of  the  portion 
close  to  the  surface  and  of  the  central 


portion  respectively.  Compounds  are 
arranged  in  arrays  along  the  rolling 
direction.  They  are  finer  and  more 
evenly  distributed  in  the  portion  close 
to  the  surface  than  in  the  central  port- 
ion. 

The  bright  v/hite  place  in  Figure  IY-26 
is  the  coated  Al  layer. 

Figure  IV-27  and  Figure  IV-29  are  the 
transverse  structures  of  the  portion 
close  to  the  surface  and  of  the  central 
portion  respectively. 


Figure  IV-30  21  Ox  Figure  IV-31  21 Ox 

Etched  in  Mixed-Acids  Aqueous  Etched  in  Mixed-Acids  Aqueous 
Solution  Solution 


LY12GZ  (500*G,  30  min,,  water-cooled) 
lOmm  hot-rolled  sheet 
Figure  IV-30  and  Figure  IV-31  are  the 
longitudinal  structures  of  the  portion 
close  to  the  surface  and  of  the  central 
portion  respectively.  After  heating  in 
the  quenching  process,  the  alloy  has 
undergone  complete  recrystallization. 

The  grains  are  elongated  along  the  roll- 
ing direction.  Hardening  phases  such  as 
S(CuMgAl2)  and  CuAl^  have  already  dis 
solved  into  the  solid  solution. 


Alloy  and  Condition 
Specification 
Structural  features 


Figure  IV-32 


lOOx 


Etched  in  Mixed -Acids  Aqueous 
Solution 


Figure  IV-33  2lOx 

Etched  in  Mixed-Acids  Aqueous 
Solution 


Alloy  and  Condition  Lyi2GZ  (500* C,  20  min,,  water-cooled) 

Specification  1 ,0mm  cold-spun  sheet 

Structural  features  Figure  IV-52  and  Figure  IV-33  are  the 

longitudinal  structures  of  the  portion 
close  to  the  surface  and  of  the  central 
portion  respectively.  After  heating  in 
the  quenching  process,  the  alloy  has 
undergone  complete  recrystallization, 
and  exhibits  equiaxed  grains.  Broken 
compounds  are  distributed  rather  evenly, 
but  do  not  possess  clear  directionality. 
The  hardening  phases  such  as  S(GuMgAl2) 
and  GuAlg  are  more  fully  dissolved. 

The  bright  white  zone  in  Figure  IV-32 
is  the  coated  Al  layer. 
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Figure  IY-35  lOOx 

Structure  of  Slectropolished 
and  Anodized  Specimen  under 
Polarised  Light 


Pig^ire  IV-57  lOOx 

Structure  of  Slectropolished 
and  Anodized  Specimen  under 
Polarized  Light 


Figure  17-36  21  Ox 

Etched  in  Mixed-Acids  Aqueous 
Solution 


LY12M  (420*’ G,  180  rain.,  cooled  in 
furnace) 

1 ,0in'".  cold-rolled  sheet 


Alloy  and  Condition 


structural  features 


Fig\ire  IV-34  and  Figure  IV-35  are  long- 
itudinal structures.  The  compounds 
still  maintain  the  directionality  in 
arrays.  Particles  of  hardening  phases 
such  as  SCCuKigAl^)  OuAl^  are  preci- 
pitated in  large  amount  from  the  c<(a1) 
matrix.  The  sheet  has  undergone  complete 
re  crystallization.  The  grains  are  elon- 
gated along  the  extrusion  direction. 
Figure  IV-36  and  Figure  IV- 37  are  the 
transverse  structures.  The  compounds  are 
distributed  more  evenly  in  this  direction 
then  in  the  longitudinal  direction,  but 
do  not  possess  clear  directionality. 

The  sheet  has  undergone  complete  recry- 
stallization. 


f 
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Structures  of  Extruded  Products 


Figure  IV-38  1:1 

Etched  in  18^  NaOH  Aqueous 
Solution 


Figure  IV-39  1:1 

Etched  in  18>^  NaOH  Aqueous 
Solution 


Figure  IV-40  1:1 

Etched  in  18;o  NaOH  Aqueous 
Solution 


Figure  IV-41  1 :1 

Etched  in  18;4  NaOH  Aqueous 
Solution 


Alloy  and  Condition 
Specification 


Structural  features 


LY12CS 

Figure  IV-38  is  a ^31x25nim  cold-spun 
tube  (right),  and  a ^18x1 6mm  cold- 
drawn  tube  (left). 

Figure  IV-39  is  a XC118  structural-shape. 
Figure  IV-40  and  Figure  IV-41  are  a 
^40mm  rod. 

Macro structures  of  the  tube  exhinits  fine 
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grains.  Macro structure  of  the  the  struct- 
ural-shape exhibits  uniform  recrystallized 
structure.  Front  end  of  the  rod  (Figure 
IV-40)  exhibits  uniform  structure;  rear 
end  of  the  rod  (Figure  IV-41 ) exhibits  a 
crescent-shaped  coarse -grain  ring  at  the 
edge  portion. 
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Figure  IV-42  210 x 

Etched  in  Mixed-Acids 
Aqueous  Solution 


Figure  IV-43 
Etched  in  Mixed-Acids 
Aqueous  Solution 


Figure  17-44  210  x 

Etched  in  Mixed-Acids 
Solution 


Figure  17-45  210  x 

Etched  in  Mixed -Acids 
Solution 
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Figure  IV-46  2lOx  Figure  IY-47  210x 

Etched  in  Mixed-Acids  Aqueous  Etched  in  Mixed-Acids  Aqueous 
Solution  Solution 


LY12R 
^40nua  rod 

Figure  IV-42,  Figure  IV-44,  and  Figure 
IV-46,  are  the  longitudinal  structures 
of  the  edge  portion,  the  middle  portion, 
and  the  central  portion,  of  the  front 
end  of  the  rod  resj^ectively. 

Figure  IV-43,  Figure  IV-45,  and  Figure 
IV-47,  are  the  transverse  structures  of 
the  edge  portion,  the  middle  portion, 
and  the  central  portion  of  the  iront  end 
of  the  rod  respectively. 

The  rod  still  retains  a large  amount  of 
unbroken  cast  dendritic  network  struct- 
ures, The  extent  of  deformation  is 
greater  at  the  edge  portion  than  at  the 
middle  and  central  portions.  The  den- 
dritic network  is  elongated  along  the 


Alloy  -nd  Condition 
Specification 
Structural  features 


extrusion  direction,  A large  amount  of 
compoiinds  are  precipitated  frota  the 
«(ia)  matrix. 


Figure  IV-48  210  x 

Etched  in  Mixed-Acids 
Aqueous  Solution 


Figure  IV-49  2 
Etched  in  Mixed-Acids 
Aqueous  Solution 


Figure  IY-50  210  x 

Etched  in  Mixed -Acids 
Aqueous  Solution 


Figure  IV-51  210* 

Etched  in  Mixed-Acids 
Aqueous  Solution 
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?icaire  lV-52  ?10x 

itched  in  Mixed-Acids  Ameous 
iJolntion 


Alloy  end  Condition 
Jpeci f ication 
Structural  fps^tures 


Figure  1V-5T  '>‘^Cx 

Hitched  in  Mixed-Acids  Aqueous 
Solution 


LY1?R 
^OuLTj  rod 

Piijure  17-48,  Fl.^re  IV-50,  nJ  PIru’^ 
17-52  nre  the  lo'l'udinal  tr  ctnrea  nf 
the  ed,  e protinn,  .li'’ lie  pn’'Mon,  md 
central  portion  of  the  rear  ''nt  of  the 
rod  rt  S'  eot  i vely . 

Figure  I7-49»  Figure  nd  Fimre 

17-53  are  the  trui.  verre  at^nirturee  of 
the  edge  portion,  the  'aldlle  orti-n, 
and  th-'  central  portion  of  the  re-or  end 
of  the  rod  ree- ecti vely. 

The  extent  of  defor-atlon  is  greater  at 
the  rear  end  ti.jui  at  the  front  end. 

The  cast  dendritic  network  stnicture  Is 
completely  broken. 


18^ 


i 


Figure  IV-55 
fitched  In  Mixed-Acids 
Aqueous  Solution 


Figure  IV-54  t 
Stched  in  Mixed-Acids 
Aqueous  Solution 


flBiire  IV-56 
Stched  in  Mljced-Aclds 
Ai  ueous  Solutl  jn 


Figure  lY-57  tl 
Stched  In  Klxed-Acids 
Aqueous  Solution 


Figure  IY-58  21  Ox 

Etched  in.  Mixed-Acids  Aqueous 
Solution 


Figure  IV-59  21  Ox 

Etched  in  Mixed-Acids  Aqueous 
Solution 


Alloy  und  Condition  LY1 2C2i  (500*0,  40  :ain.,  watercooled) 

Specification  >*40nim  rod 

Structural  features  Figure  IV-54  and  Figure  17-55  are,  res- 
pectively, the  longitudinal  structures 
of  the  edge  and  central  portions  of  the 
re.'ir  end  of  the  rod,  which  has  undergone 
partial  recrystallization.  T.^ere  are 
still  aany  undissolved  compound  residues 
in  the  central  portion. 

Figure  IV-56  and  Figure-57  are  the 
structures  of  the  edge  and  central  por- 
tions of  the  Tiiddle  section  of  the  red 
in  the  longitudinal  direction  respect- 
ively, The  extent  of  recrystallisation 
here  is  greater  than  that  at  the  front 
end  of  the  rod.  Grains  are  elongated 
along  the  extrusion  direction. 
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Figure  IV-58  and  Figure  IV-59  are  the 
longitudinal  structures  of  the  edge 
and  central  portions  of  the  rear  end 
of  the  rod  respectively.  The  grains 
in  the  coarse-grain  region  is  paj*ti- 
cularly  coarse,  hut  the  grains  in 
other  regions  are  fine. 


Figure  IV-60  21  Ox 

Etched  in  Mixed-Acids  Aqueous 
Solution 


Figure  IV-62  21  Ox 
Etched  in  Mixed-Acids  Aqueous 
Solution 


Figure  IV-61 
Eteched  in  Mixed-Acids  Aqueous 
Solution 


Figure  IV-63  21 Ox 

Etched  in  Mixed -Acids  Anueous 
Solution 


Alloy  and  Condition 

Specification 
Structural  features 


LY12K  (420‘’C,  180  min.,  cooled  in 
furnace) 

^Omm  rod 

Figure  IY-60  p.nd  Figure  IV-62  are  the 
structures  of  the  edge  and  central 
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portions  of  the  middle  section  of  the 
rod  in  the  longitudinal  direction 
respectively, 

Figure  IV-61  and  Figure  IV-63  are  the 
transverse  structures  of  the  edge  and 
central  portions  of  the  middle  section 
of  the  rod  respectively. 

Compounds  are  arranged  in  arrays  along 
the  extrusion  direction.  There  are 
still  a considerable  amount  of  residual 
compounds  in  the  central  portion.  Com- 
pound particles  are  precipitated  from 
the  <x(A1)  matrix  in  a large  amount,  j 

) 


i 


Figure  IY-64 

Etched  in  Mixed-Acids 

Solution 


Alloy  and  Condition 
Specification 
Structural  features 


•• 

210x 


Aqueous 


Figure  IV-65  21  Ox 

Etched  in.  Mixed -Acids  Aqueous 
Solution 


LY1  2R 

^68x40min  extruded  tube 

Figure  IV-64  is  the  longitudinal  structure 
of  the  central  portion  of  the  rear  end  of 
the  tube.  The  compounds  are  broken  con- 
siderably, and  are  arranged  in  arrays 
along  the  extrusion  direction.  Particles 
are  precipitated  from  the  compounds  and 
are  dispersed  in  the  cr(Al)  matrix.  Figure 
17-65  is  the  transverse  structure  of  the 
tube. 
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Figure  IV-66 

Etched  in  Mixed-Acids 

Solution 

Alloy  and  Condition 
Specification 
Structural  features 


21 Ox  Figure  Iv-67  21  Ox 

Aqueous  Etched  in  Mixed-Acids  Aoueous 

Solution 


LY12CZ  (500*^0,  30  min,,  water-cooled) 
#68x40nuD  extruded  tube 

Figure  Iv-66  is  the  longitudinal  structure 
of  the  tube,  which  has  undergone  recry- 
stallization, The  grains  are  elongated 
along  the  extrusion  direction.  Soluble 
compounds  have  dissolved  into  the  solid 
solution  considerably.  The  residual 
compounds  are  arranged  in  arrays  along 
the  extrusion  direction. 

Figure  IV-67  is  the  transverse  structure 
of  the  tube. 
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21  Ox 


Etched  in  Mixed-Acids  Aqueous 


Solution 


Figure  IV-69  21 Ox 


Etched  in  Mixed -Acids  Aqueous 


Solution 


Alloy  and  Condition  LY12R 

Specification  iC-118  Structural-shape 

Structural  features  Figure  IV-68  is  the  longitudinal 

structure  of  the  rco-r  end  of  the  struct- 
ural-shape, The  cast  dendritic  network 
has  completely  been  broken.  Since  it 
is  a twice-extruded  product,  the  direct- 
ionality in  the  distribution  of  com- 
pounds is  weaker  than  that  of  an  once- 
extruded  product,  A large  amount  of 
compound  particles  are  precipitated  from 
the  oeiAl)  matrix. 

Figure  iy-69  is  the  transverse  structure 
of  the  structural -shape. 


Figure  IV-70  21 Ox 
Etched  in  Mixed-Acids  Aqueous 
Solution 


Figure  IV-71  21  Ox 

Etched  in  Mixed -Acids  Aqueous 
Solution 


Alloy  and  Condition  LY12Cii  (500*0,  20  u^ln. , v/ater-cooled) 
Specification  XC-118  Structural-shape 

Structural  features  Figure  IV-70  is  the  longitudinal  structure 

of  the  rear  end  of  the  structural -shape. 
After  quenching,  recrystallization  is  com- 
plete, Grains  are  elongated  along  the 
extrusion  direction.  There  are  still  some 
residues  of  partially  soluble  and  insolu- 
ble compounds  on  the  «(A1)  matrix. 

Figure  IV-71  is  the  transverse  structure 
of  the  sti*uctural-8hape. 
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Figure  IY-72  21  Ox 

Etched  in  Mixed -Acids  Aqueous 
Solution 


Figure  IV-73  21 Ox 

Etched  in  Mixed -Acids  Aqueous 
Solution 


Alloy  and  Condition 

Specification 
Structural  features 


LY12M  (420 *0,  130  min.,  cooled  in 
furnace) 

iC-118  Structural-shape 
Figure  IV-72  is  the  longitudinal 
structure  of  the  rear  end  of  the 
structural-shape.  The  soluble  compounds 
have  dissolved  into  the  solid  solution. 
The  residues  are  congregated.  A large 
amount  of  compound  particles  are  pre- 
cipated  from  the  «(A1)  matrix. 

Figure  IV-73  is  the  transverse  structure 
of  the  structural -shape. 


I: 


Figure  IV-74  21 Ox 
Etched  in  Mixed -Acids  Aqueous 
Solution 


If - • 


Figure  IV-75  21 Ox 

Etched  in  Mixed-Acids  Aqueous 
Solution 


Alloy  and  Condition 
Specification 
Structural  features 


LY12CZ  (500*0,  20  min,,  water-cooled) 
^31x25mm  cold-spun  tube 

Figure  lV-74  is  the  longitudinal  structure 
of  the  tube,  which  has  undergone  complete 
recrystallization  and  exhibits  equiaxed 
grains.  Compounds  are  distributed  on  the 
<x(A1)  matrix,  and  are  arranged  in  arrays 
along  the  spinning  direction. 

Fig.  IV-75  is  the  transverse  structure  of 
the  tube 


Figure  IV-77  21 Ox 

Etched  In  Kixed-Acids  Aqueoas 
Solution 


Fig^ire  IY-76  21  Ox 
Etched  in  Mixed-Acids  Aqueous 
Solution 


LY12M  (420 "C,  180  min.,  coolled  in 
furnace) 

31x25ma  cold-spun  tube 
Figure  IV-76  is  the  longitudinal  structure 
of  the  tube.  The  soluble  compounds  have 
dissolved  into  the  solid  solution.  The 
residues  are  congregated.  A Itrge  amount 
of  compound  particles  are  precipitated 
from  the  o((Al)  matrix. 

Figure  IV-77  Is  the  transveirse  structure 
of  the  tube. 


Alloy  and  Condition 


Figure  IY-79  21 Ox 

Etched  in  Mixed -Acids  Aqueous 
Solution 


Figure  IY-78  210x 
Etched  in  Mixed-Acids  Aqueous 
Solution 


Alloy  and  LT12CZ  (500* C, 
condition  20  min,,  water 


Alloy  and  LY12Y 
condition 


Specif i-  ^8x1 6mm  tube 

cation  (Cold-spun) 

Structural  Longitudinal 

structure.  Re- 
crystallization 
is  complete,  with 
fine  and  uniform 
equiaxed  grains. 
The  SCCuMgAlj)  & 
CuAlg  phases  dis- 
solve into  the 
solid  solution 
considerably. 


Specifi-  #18xl6nun  Gold- 
cation  spun  tube 

Structural  Longitudinal 
features  structure.  The 

compounds  are 
further  broken, 
and  arranged  in 
arrays  along 
the  spinning 
direction. 


Figure  IV-81  21 Ox 

Etched  in  Mixed-Acids  Aqueous 


Figure  IV-80  21 Ox 

Etched  in  Mixed-Acids  Aqueous 


Solution 


Solution 


Alloy  and  Condition 
Specification 
Structural  features 


LY12M  (420* C,  180  ain, , cooled  in  furnace) 
^18x1 6mm  cold-spun  tube 

Figure  I\r-80  is  the  longitudinal  structure 
of  the  tube.  The  soluble  compounds  have 
dissolved  into  the  solid  solution.  The 
residues  are  congregated,  A large  amount 
of  compound  particles  are  precipitated 
from  the  «(A1)  matrix. 

Figure  IY-81  is  the  transverse  structure 
of  the  tube. 


Figure  IY-84  Btched  in  12;6  NaOH  Aqueous  Solution 


Structures  of 


Figure  IV-«5  Btched  in  NaOE  Aqueous  Solution 

Alloy  and 

Condition  LY11CZ 


Name  of 

Forging  Propeller 

Structural 

Features  Figure  IY-82  is  the 

full  view  of  the 
oropeller.  Figures 
iY-83,  IY-84,  IY-85, 
and  IY-86  are  the 
macro structures  of 
the  apex  region, 
the  middle  region, 
the  transitional 
zone  of  the  base 
region,  and  the  base 
region,  of  the  blade 
respectively. 


Figure  IV-86  Etched  in  1234  NaOH  Aqueous  Solution 
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Figure  IY-87  21 Ox 

Etched  in  Mixed-Acids  Aqueous 
Solution 


Figure  IY-83  21 Ox 

Etched  in  Mixed-Acids  Aqueous 
Solution 


Figure  IY-89  210x  Figure  IY-90  210x 

Etched  in  Mixed-Acids  Aqueous  Etched  in  Mixed-Acids  Aqueous 
Solution  Solution 


central  portion  of  the  apex  region  of  | 

the  blade.  The  recrystallized  grains  i| 

are  coarse,  and  are  elongated  along  the  j 

deformation  direction.  The  compounds  i 

are  broken  to  a large  extent,  and  dis- 
solve into  the  solid  solution  considerably,  i 

Figure  lV-88  is  the  structure  of  the 
central  portion  of  the  middle  region  of 
the  blade.  The  recrystallized  grains 
here  are  smaller  than  those  at  the  apex 
region. 

Figure  IV-89  is  the  structure  of  the 
transitional  zone  of  the  base  region  of  | 

the  blade.  The  recrystallized  grains,  ^ 

as  well  as  the  extent  of  compounds  being  1, 

broken,  are  smaller  than  those  at  the  | 

apex  region. 

Figure  IV-90  is  the  structure  of  the  I 

base  region  of  the  blade,  Recrystalli- 

zation  is  not  complete.  Subgrains 

still  remain,  ’ 


Chapter  5 


Allov  o:’  \lunir.u2i-:'a"Tio3iiL’>-Sllloon-0’  ni>er  Gro'jp 


Aiaorv’  tho  alloys  of  alu."ilnur>-Ba'7iesiur!-8llicon-co’'per  T?our 


those  which  arc  used  often  are  alloy  LIE,  IjD5,  LD6  and  L!][IO.  Th.ese 


alloys  have  •’ood  for  *eability  and  they  are  nainly  used  to  nake  farced 


articles,  so  t’^'cy  arc  also  called  for^lnr  aluninun 


Chcrical  Corpos’tlon  and  Phase  ^mation 


in  Table  V-1 


Tabic  V-1  Cher.ical  Composition  of  Ulo'''’S 


Impurity  no  nore  than  (".) 


Principal  Constituents  (*?) 


The  alloys  of  '’lumin’jm-nafniesiuri.-silicon-copper  'T?oup  are 


developed  on  the  foundation  of  alur.inun-na'naesiur'.-sllicon  '*ro’.'-r>.  Anon' 
these  alloys,  the  one  w’-'lch  anneared  first  is  51S  (llr  0.6*^,  Si.  QJK 


As  e-’rly  as  in  1921,  some  researcher  pointed  out  that  ^ 

decisive  function  to  the  stren'jtheniny  of  alloys  of  Al-lIr-Si  fp'oup. 


Me  1 Si  1 Ma 

Ti 

Cf  I Fe 

Ni 

Zn 

0.45-0.9|0.5~1.?I,  „ 

- |o.5 

— 

0.2 

0.4-0.«|o.7-1.2|  0.4^0.« 

— 

— 1 0.7 

0.1 

0.3 

0.4^0.8]o.7— 1.2|  0,4^0. 8 

0.02'^O.i!o-OW0.2  0.7 
I 

0.1 

0.3 

0.4^0.8|0.6-1.2|  0.4^1,0 

— 

— 0.7 

0.1 

0.3 

Throu'h  (Mcviiivition  of  the  nlloys  on  the  dii  TW  of  psexido— bin^Ty 
state  of  the  allots  which  contain  excessive  m-aiesiir! 

or  silicon,  it  is  discovered  that  the  effect  of  a^e-stro'-^then^nf  of 
the  alloy  Lncroases  follo^d.np  the  quantitative  increase  o^  phase  !!'’->Si 
that  is  in  the  solid  solution  when  quench  heatinp  taJceB' place,  that 
IfroSi  is  the  principal  stren'^heninr  phase  of  alloys  of  this  -rrotzp. 

It  is  also  discovered  t' rou'h  research  later  that  if  51S  is  not 
irnediately  -Iven  aqin^  and  let  it  wait  '’or  a period  of  tine  a'^ter 
quenchinr,  the  ef •'ect 'veness  of  artificial  a'’inf’  that  t'>kG8  pl'’ce  later 
■will  becone  low,  Rjr  conpensatinq  this  kind  of  loss,  on  the  base  of 
a'’loy  51S,  0,2-0.6‘,»  conper  and  0,15-0.35^  mn^anese  (or  chronium)  are 
aided, then. cones  out.LD2  instead.  If  l.'’-2,6'S  conper  and 
nan-’anese  are  added,  it  irf-ll  turn  to  be  alloy  LD5.  'Jhen  nanqanese  is 
added,  it  not  only  na'  es  the  recr-  stalized  •r'’ins  ''iner  and  also  uplits 
the  upper- linit  of  quenchinp  tenperature,  and  the  strength  of  th&  allo” 
is  thereby  . proroted,  It  the  sr-e  tire,  hec-’use  of  the  addition  of 
copper,  the  plasticitv  of  the  alloy  at  hot-workinr  is  noticeablv  inproved 
and  the  strcn-theninr  ef^’cct  of  heat  treatment  is  promoted  as  \rell. 

Tiie  addition  of  co  per  can  also  help  to  control  :.ho  extrusion  ef'’ect 
and  to  lower  the  anisotrapy  of  the  allov  caused  b”  the  addition  of 
nan'^-’nese. 

?br  elinlnatin;^  the  (T’^llndrical  cr''stal  on  the  in-ot  of  a.lloy  LD^ 
and  preventinv  t'  e tendency  of  lominp:  coarse  cr-’-stal  on  its  products, 
the  alloy  is  added  0.02-0.1%  titanium  and  0,01-0,2o  chron^un,  t'^en  it 
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ums  to  be  alloy  LD6 


The  copper  content  in  alloy  LDIO  is  mich  hir^her,  •’jid  it  is 
3»^4.3'^  alnoot  as  hi~h  as  that  of  hard  aluninnn.  It  can  therefore  also 
be  called  hi^h  strength  hard  •’J.xinin'jin  alloy. 

The  iron  cont-’ined  in  the  alloy  is  0. 2-0,4^.  It  can  prevent  f e 
recr:'’stal  'rains  Tnwth  v'hcn  ouonch  he-'tlnf’  takes  place  and  increase 
the  stren^thonin"  of'*eet.  ifoirever,  i'*  iron  content  is  over  there 

will  appear  coarse  phase  (?el1n)  and  the  nl-’sticity  of  the  alloy  is 
thereb'^  reduced. 

Based  on  the  ranf^e  of  its  cheric"*!  coupos’tion  -•nd  t’  e enulUbriun 
dia  Tar.  (Fi  arre  'J-2  and  Fi-mre  V-3) , a.nd  thr-'U-rh  netalloTaphic  and 
ricroprobe  ninute  .a-’':al”-sls,  it  has  been  ''oiind  out  that  the  phase  ^omation 


Fiyure  V-I  The  pseudo  binaip;-  equilibritm 
diafTom  of  Al-Mp-Si 


2 


vrei^ht  (%)  l!c 


Pi:rure  V-2  Dependent  alnnin'jn  anr^le  part  In  equilibriun 
diagrnn  of  fp'oup  alloy 


Pijyjre  V-3  T’-.c  distribation  of  dependent  alurd,num  anple 

in  '•’le  re  "ion  of  nolid  phase  vrfiich  contains 
5'^  Oa  ^n  the  equilibriun  dim?am  of  il-M^-Si' 
rroun  a‘'''o'’-. 


■Cu 


o'*  thi£3  •’Ijo”-  under 


condition  of  '^rodu-’l  coolin’’  is  •-/’’lat  shown 


in  T-’-ble  V-.?. 


Table  V-2  ■illo”  Phnse  Fbmation 


of  Alloy 

PrinosLpal hase  Jbnaation 

Impurity  phase  • 

LDZ  ' 

a(\l),Mg,Si,W(Cu.Mg»Si,Al.)  ' 

(FeMnSOAU.AlSiFe 

LD5.fiLD6 

a(Al).Mg,Si,W(Cu.Mg5Si,Al.),CuM., 

'>!iS(CuMgAl,) 

(FeMDSi)Al4,TiAl,* 

~ 

LDIO 

a(  Al),Mg,Si,S(CuMgAlj)»CuAl,, 
WCCu.MgsSi.AI.) 

(FcMnSOAhAMn.SiAl,, 

* The  annenmnee  of  ph'^se  TiAl^  because  in  allor  LD6  t e e is  an 
addition  of  tit-iniun. 

Of  alloys  of  U.-1'^g-Si-Cu  ryoup,  when  the  ratio  betv;een  na'mosiuin 
and  silicon  is  1.'73,  I'g^^i  be  -'’omed.  ’-nien  the  ratio  is  less  than 

1.03,  it  is  possible  to  form  a ph'-se  •,j(Cu^K2:53i^.iL,J , and  the  excessive 
copper  vrill  fom  Cu/d^.  Ul2Si  is  a t?.-pical  chenical  conpound  , of  \;hicb  the 
conbinat'on  ratio  is  Phases  CuAlo,  S(C\llir’.'U.o)  and 

are  netal  coiriDounds*  \ccordina  to  the  ava.ilable  data,  in  phase  W(Cu?'jTSi  M) , 
Cu;  Mg  : Si  are  4:5:4,  and  it  contains  about  30-iP%^,  £5o  its 
nolecular  fornola  is  ’-/(Cu/dlgjSi^  . The  presence  of  phUvSe  W is  deter- 
mined by  the  condition  of  cr^stalization.  If  the  peritectic  reaction, 
from  i^lch  the  . phase  W(Cu4Kg5Si;^AL,,)  grows  can  develop  fuldv,  there  vdll 
be  W(C!u4l'g5Si/^Aljr) ; othe.nrise,  the  content  of  phase  WCCu^lTa^Si/^Al^) 
will  be  veipr  little,  '•nd  it  may  even  reach  to  zero.  Phase  '-J  is  different 
from  ph-ses  S(Cu!fe\lo),  Cu.Alo  and  MgoSi.  '.■Ihen  quench  heatin'’  is  in 
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proces!?,  it  can  only  p-irtlally  be  in  the  solid  solution  and  t'’l:es 
P'’Tt  in  the  process  of  stren'^iheninp. 

Characteristics  of  the  ''ew  principal  phases: 

in 

Phase  llf^aSi:  'Bright  rre^r. color  and  its  primar"-  crystal  is  in 
t’^e  shape  of  polygon  and  nest  of  its  outecticun  are  o^  the  shape  of 
fish-bone.  Ul  these  can  be  seen  on  the  se  Togated  swellings  and  the 
senicontinuons  casting  in  e'^fectivc  production  (Finire  V-9  and  Fi-^ure 
V-IO).  Bit  on  the  nomal  -vart  of  cast  in^ot  it  alw'’'"’s  looks  like 
forked-branches  (Pi^.ire  V-11  through  Figure  V-I4).  Before  corros'on, 
usually  because  polished,  it  becores  dark  blue  in  color,  so  it  is  e'‘S}r 
to  be  reco'paized,  Sxcopt  that  it  cannot  or  can  only  sli'^-'.tly  be  corroded 
in  NaOP  liquid  solution,  in  nixed  acid,  25%'^'iO^  and  liquid 

solution,  it  caji  be  severely  corroded  and  it  can  even  be  conpletel”’ 
nolted,  M"pSi  'j’.iich  is  separated  fron  solid  solution  a(M)  is  in  the 
shape  oi*  schists  and  arranged  in  a 90^^  a.nale  vnth  a(Al)  solid  solution 
(100)  (Fi-’U-e  ':-23  and  n-are  7-24). 

Phase  ’i(Cu^l!qjSi/ Al.,) : Liqht  '-rey  in  color,  it  looks  like  a 
skeleton  or  in  the  fom  of  con-ppeqated  ch’jnk;'-  ciyrstals.  t/hen  it  is 
corroded  in  25^?fi03  or  0,5'niF  liquid  solution,  it  beco'  es  d-’rk  broivn 
(yiqure  V-5  and  Finupe  7-6). 

Phase  (Fei'nSi)  AV, : Bright  'U'oy  and  slightly  brighter  than  phase 
W,  and  it  is  of  the  shape  of  skeleton.  ’.-Jhen  it  is  corroded  in  0.5‘^FF 
liquid  solution,  it  becomes  brovna.  It  is  easily  C'^nfused  v;it’'.  phrse  7, 

Bat  't  cannot  be  corroded  in  25%'^ liquid  solution.  T’-.is  characte‘'istic 
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"s  often  used  as  a nc^ns  to  differentiate  then  (Pinire  7-'’  throur^h 
Pi-uire  Y-16). 

Phases  Cu.Mo  and  S(Culi"M'>):  ?br  det"ils,  see  Ch'*pter  4. 

Section  2 

Cha:'acteristics  of  '-^eat  Treatnent 

illo.ys  of  this  'U'oup  have  a co'^ron  strer.'theninf  phase  Y’pSi. 
ifter  quea.chiny,  they  can  have  both  natur"!  a'-ln"  and  arti''ic’'’l  af*lnr. 
because  the  separatlnr  o''  the  stren"+.’^eninr  phase  under  roon 

tenperature  is  slow,  f'e  e''''’ect  o''  natural  a'-in'^  is  nt  t ■*re'>t,  Ind  hi'*'- 
stren-rthening  effect  cannot  be  ach-ie''e'^  wi'^hout  h''vin-  artl''lcial  a"in'*. 
Accordinr  to  available  data,  silicon  -n'  r.a-mesi’vCT  in  f e al'oy  ’Jr.der 
artif'cial  a.'^ing  tenperature  will  ''irst  •''oi’~  ph-aer  (!Ira3i  and  phase  W} 
which  contian  silicon,  and  under  roon  te  'eer-’ture,  silicon  will  renain  in 
the  super-saturated  solid  solution  a(/'Vl)  not  easv  to  separate. 

The  corr-on  weakpoint  of  these  alloa's  is  that  after  quer.c'-inc, 
the  period  of  ’withholding  then  under  roon  tenoerat-ire  '.■rill  lov/er  f’e 
effect  of  the  coning  artificia.1  aging.  This  *s  the  so-called  retarded 
efect.  /illoy  LD2  can  denonstrate  this  e''''ect  ver”-  clear  I”.  If  the 
v/i.t’aholdinn  period  is  nore  than  30  rainutes,  the  stren -thening  e''''ect 
id-ll  be  ronarkably  reduced,  I''  the  period  is  over  6 ho’ors,  the  stren«i;h 
of  the  alloy  will  fail  to  ncet  technolo''ical  roquirenent.  Sven  it  is 
alloy  LDIO,  which  cannot  have  the  best  mechanical  proDe;’t”'  unless  it 
has  arti''iclal  a-:ing  in. thin  3 hours  after  ouenc’-ing  or  wait  till  4- 
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hours  h?.ve  passed  by 


Sone  problems  v/hich  deserve  "ood  attention  when  heat  treatnent 
talces  place  will  be  respectively  discussed  in  the  followin'-. 

(1)  Vlloy  LD2 

5^or.  the  pseudo-binaiyr  enuilibriun  dia-Tran  of  (Figure 

V-l),'it  can  be  seen  that  under  eutectic  tevnerat  u*e,  the  'ureatest 
solubility  of  stren'^thenin'^  phase  I'gpSi  is  1.^5!?,  and  the  solubilit:-^ 
’/d-ll  be  reduced  follovdng  the  ^ailing  o^  temperature,  IThen  the 
temperature  is  at  200^0,  the  solubility  will  come  down  to  0.25%.  Ibr 
this  reason,  the  alloy  can  ha'''e  a better  strengthening  e''‘’ect  in  heat 
treatment.  At  the  same  tine,  the  r-’n'^e  of  quenching  temperat’jre  of 
the  alloy  becomes  rather  broad.  '.Tien  quenc'''ing  temperature  is  hi'^her 
than  540°C,  alt’ough  the  solid  solution  is  full  and  the  strengthening 
effect  of  the  alloy  Is  impr-'ved,  but,  because  of  f e appearance  of  t'-e 
coarse  crystalline  structure,  f’e  stren"th  of  the  alloy  , on  the 
contrar*',  is  brought  down  (Fi^.ire  V-4).  If  the  quenching  temner'’ture 
is  lower  than  50CPC,  even  thou-^h  it  car  result  in  fine  cr'^stal  str’ict’jre 
a-vd  the  Impovement  of  stren~th,  but  because  the  solid  solution  is  not 
full,  the  strengf’ening  ef'ect  o^  the  allo”’  will  correspondingly  come 
down.  In  order  to  insure  the  strengthening  phase  to  ha’^e  a 'hill  solid 
solution  and  t'-e  struct'U'e  of  the  allo'"’  does  not  beco-^e  coarse,  based 
on  the  outco"es  of  experiments  ajid  practic”!  production,  it  •a^ears 
advisable  to  haa-e  quench  heating  temperature  at  520  + 10°C,  artificial 
aging  at  150-l60°C,  and  the  temnorature  retention  is  6-15  hours. 
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Fif^e  V-4  The  effect  of  different  quenching  temperature  on 
the  size  of  crvstnl  grains  of  an  alloy  LD2  plate 

a - The  structure  of  an  alloy  LD2  5.0  m,  plate  V(hich  has  quenching 
at  530°C.  The  cr-'stal  grains  are  normal, 
b - The  structure  of  an  alloy  LD2  5»0  m,  pla^e  which  has  quenching 
at  560°C.  The  cr''stal  Tains  are  coarse  and  lar''e. 


(2)  Alloy  LD5 

The  principal  strengthening  phases  of  f'is  alloy  in  qiench  aging 
are  ’'g^Si,  0.1  \lo  and  W(Cu4l'gjSi^^Al;^.),  and  sometimes  phase  S(Cu’'g*J.p) 
na’’’  also  come  out.  Someone  believes  that  alloy  LD5  cennot  at  the  sa^e 
tine  '•om  phases  O.i  llp  and  S(Oa^'g:U-;:>) , In  our  phase  analvsis  of  f e 
senJ.cantiuuo’15  c'’ sting  .and  w-’ter  cooled  in-ot,  we  '’ound  only  phase  Cu.\lo 
and  no  ph-’se  SCCuM-^M;?).  Wlien  alloy  LD5  is  heating  at  510-520°C,  the 
stren'^t'^enin-'^  phases  arc  all  in  solid  solution,  'Then  the  ter*nerature 
oes  up  over  540°C,  the  phenomenon  of  'rain  growth  as  occurred  with 
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alloy  LD2  can  be  seen,  -ind  the  strer.  "tl"!  of  the  alloy  thereb'^  beco’’es 
low.  So  the  best  quench  hoatlnq  te  perature  for  alloy  LD5  would  be 
515-525°C.  A'in(j  trO:cs  place  at  155-1'’0'^C,  and  the  te”^per-’ttu*e  retention 
is  4-15  hours. 

The  annealin'-  tenneratiire  for  allo”’  LD5  can  be  350-400*^0, 

(3)  Alloy  LDIO 

•Alio-'  LDIO  contains  -reat  quantity  of  strcn-thenia-  phases  CuAl^ 
a d only  a snail  amount  of  S(CuJIcAl9).  It  has  hiyh  sensitivity 

to  ove  '-b\irniny,  so  the  quenc'’  heatinff  tonneratiire  for  its  products 
cannot  be  hi'^her  than  505°C,  Its  artificial  aaina  and  annealin''  s^’-stens 
are  sore  as  those  of  alloy  LD5.  Tie  ^or~ed  articles  o^  this  allo"  with 
l'’T“e  specification  and  conplicated  forns,  in  the  process  of  quenchin-'' 
and  sudden  coolinq,  often  produce  -reat  quenching  stress.  Is  a result, 
curllnj-ups  and  cracks  are  often  found  on  the  for-ed  articles.  In 
order  to  reduce  the  rennant  stress,  in  the  production  of  various  kinds 
of  articles,  hot  water  should  be  used  as  coolin"  ayent. 

The  recrystalization  parameter  of  alloys  LD2,  LD5  and  LDIO  will 
be  seen  in  Table  V-3. 
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Table  V-3  Tie  Hecr:'^stalization  Paranoter  of 

Group  Alloy 


H O. 

VJ  o 

• 

ff 

Techno lo  deal  Condition 

logrystali^ 
zatioh  ten- 

M H* 
c+  ® 

O cf 

n -4 

CO 

>wii»  H* 

H* 

O 

S’ 

o 

3 ' 

Rolling. 

1 

Betnasion 

•tinealing 
ConditlVin  ■ 

Denature  ("^C) 

1 

CO 

_i 

ate  ofi 
Lefom 
ition 
:%)  ^ 

85 

! 

3egi*^ 

nine 

1 

Bad^- 

inn 

m ^ 

d 

CO  a 

t 

n Rate  of 
defom. 
ation 

S.B.T. 

ot 

A.  F. 

Time 

(min.; 

»TJ 

M 

LD2  ^ 1.0 

CD 

Roow 

T. 

i 

Salt 

._bath 

trou"’" 

20 

250~255 

285^290 

LD2 

1 

m 

Room- 

T. 

50~55 

Air 

ftlTki 

nace 

20 

250~270 

320~350 

LD2 

Bar 

^10 

! 

1 

350 

98.6 

Salt 

bath 

trou'-'- 

20 

445~450 

lActrusion 
'&  rficT-^s- 
italization 

LD5 

1 

CO 

^150 

350 

87 

Salt 

bsto' 

trouul- 

20 

1 

380~385 

550^555 

i 

LDlO 

Plate 

2.0 

1 

Room- 

T. 

60 

Air 
fur- 
nace I 

60 

250~310 

350 

Section  3 

The  Structure  of  Cast  Ingots  and  Processed  Articles 
The  [;ener.al  rule  of  structural  changes  of  cast  in^o  s and  processed 
artie'es  of  alloys  of  this  ,<Toup  has  been  discussed  in  the  Introduction. 
Fere  discussions  \d.ll  be  on  sone  speci-’l  features  of  t'-eir  str-ictures. 

(1)  The  e^’fect  of  chomcial  conposition  on  in<^ot  structure 
Because  o^  the  coamlicat ‘ on  of  their  che"ical  conposition,  the  size 
of  t^e  cr-'sh-’l  ;yains  becone  snaller  following  the  order  of  LDB,  LD5  and 
LDlO,  Auqin  because  of  the  di'-ference  in  conposition,  the’-r  nicrostruct\u?c 
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s'lows  obvious  dif ''erences.  The  netvrork  o'"  the  dcntrlt'c  cr"st'rl  of 
LD5  und  LDIO  is  thicker  than  that  of  LD2,''Jid  f'e  netvork  o**  the  <*omer 
is  relatively  connected  ’/ri.th  each  other  (Ti-nire  V-l'’  t'irou'>’h  V-3^?)# 

Due  to  the  fact  that  the  evxtectic  struct’ore  of  allo'’’  LDIO  is 
conplicated  '’Jid  the  quantity  is  large,  the  stmctiire  of  the  crystal 
grains  on  its  nacroscope  after  corrosion  becones  less  clear  than  that 
of  LD2  (Figure  V-l'^  '■nd  Figure  V-19) . 

(2)  Characteristics  of  the  stricture  in  the  welded  region  of 
tongue-shaped  extrided  articles. 

XCO5I  nolds  are  the  main  praducts  of  alloy  LD2.  The  ''om  of  the 
inner  walls  of  this  nold  is  complicated  and  the  requirenent  in  size  is 
strict,  so  the  mold  must  be  produced  Irr  the  ton '^ae-sh aped  nold  extrusion 
method.  In  r.etal  phase  structure,  it  s’lows  difference  in  f'-e  welded 
region  ''ron  articles  produced  b'^  other  net’-’ods.  Due  to  the  ”ariability 
o'*  ‘■he  notal  conditions  when  it  is  extruded,  the  nomal  stric‘‘'ure  in 
the  welded  re  ion  displays  three  different  char'’.ctcrlst''cs:  (a)  the 
nacrosconical  structure  has*  the ■' form  of  'jutting 'bpiaht  lines,  and  its 
nicrostruct  -re  is  coarser  than  thcat  in  t’-e  adjacent  normal  parts;  (b) 
the  nacroscopical  structure  has  the  •’'orm  of  depressed  lines,  and  it  is 
white  v;hen  viewed  fron  the  direction  against  the  light  s-'urce.  Its 
microstr’.ct’ire  is  finer  than  that  in  the  adjacent  nomal  parts,  for  it 
is  raade  of  a group  of  fine  cr-stals  (Figure  V-56);  (c)  the  nacroscopical 
structxjre  in  the  welded  re"ion  shows  no  remarkable  difference  from  other 
nomal  parts,  nor  does  the  nicrostr  .ctiure . The  t'‘'ree  different  strictiu'es 
mentioned  above  do  not  destroy  stnctural  continuity,  and  the  mechanical 
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prppert-’’  of  the  welded  re  ion  is  bisicnlly  the  sn'  o ns  that  of  the 
non-welded  end  nomal  parts.  So  t'  ny  are  all  qualified  and  “ood 
structure  o'*  weldLng.  this  '“act,  it  becones  clear  that  the  production 

cxa:"ination  of  ® welded  rc"'‘on  will  nahe  an  incorrect  conclusion  i** 
it  concentrates  onlv  on  t’’e  characteristics  of  the  raacroscopical  structure 
aftd  overlooks  the  necessity, of ^ microstructure  at  the  sane  tine. 

(3)  The  cuttin;^  e'‘'’ect  in  the  coarse  cr-’-stal-ring  region  of  an 
cxtrided  article. 

Tlie  cu  tinp  of  an  extruded  article  before  quenching  will  a'’''ect 
the  size  o'"*  the  reernatalized  '7’ains  in  the  coarse  crystal-rihg-  re~ion 
adjacent  tp  cuttin"  section.  Pi-ure  V-/+'',  '"or  exanple,  shows  the 
nacroscapic.al  struct-iTG  of  a testin'^  piece  fron  an  extruded  article  of 
LD5,  vrhich  wis  cut  after  quenching.  Pigure  V-45  shov;s  the  nacroscopical 
stneturre  o'*  the  testin'^  piece  of  t’-at  article,  which  v.'as  cut  before 
quencain;-.  the  above  tw  Pigures,  it  can  be  '’ound  out  that  through 

the  sau  e sr'ste'  of  heat  treatment,  the  size  of  the  Tains  In  the  coarse 
cr'stal  re  ■■  ' on  is  distinctively  different.  Pi-nire  V-4’’  sliows  the 
real  size  of  the  grains  in  the  coarse  cr'stal  region;  i4:ile  Piyire  V-45 
shows  the  yr'^ins  :diic’’  are  noticeably  s’^aller.  This  is  obviously  the 
res'ult  which  is  a'’'’ected  by  the  cutting  e'’'‘ect.  It  has  been  pr-'Ved  by 
expe 'iments  t’-at  the  affected  depth  of  the  cutting  e'’fect  is  related 
to  the  iry  o"  cutting.  If  the  cutting  is  made  "'err  circulr  saw,  the 
e^’fect  idll  he  the  deepest,  t'-e  next  is  bv  b-’.nd  saw,  T'*  the  cutting  is 
made  by  inanual  saw,  t-'e  e^^ect  w'll  be  the  snakiest.  'Tnder  the 


21k 


A 


1 


I 


-cnGral  co".nition  pro'^luction,  t'lo  donth  o'*  e’''*Gct  is  about 
nm.  (7i  lire  V-46).  So,  i**  the  eoirsc  cr-'ctal-rlnf;  o'*  the  ‘.estir."  piece, 
uhich  fcs  cut  be '’ore  nuc'cbir.'T,  is  exi  ir.ed,  It  nust  first  o'*  all  cut 
of'*  20-30  m.at  the  cutting:  section,  before  exa'-ination  takes  place. 
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I,  Plane  Rjmation 


Flrure  V-5  210x 


PiTure  V-6  ZlOx 


Alloy  L05 


Alloy  LD5 


Condition  Cast  in^ot  rerieltin^ 

at  6000  c,  yradxia.ll'^ 
cooled  to  5COOC,  and 
the  tenperature  is 
retained  ''or  8 ho'irs, 
then  water  cooled. 

CoiTosion  Hot  corroded 


Features  of  1 - T^ppSi,  dark  blue; 

Structure  2 - a (51)  + Cu-Alp 
eutec''ic 

3 - ’,/(Cu/li:5Si4a^)is 
li-’ht  Tey  and 
chunk:’'  in  '’orm. 


Condition  Sane  as  75  •ure  V-5 

Corrosion  25?5!n03  liquid 

solution,  ^10  seconds 

Features  of  1 - l^gpSi  becores 
Stricture  black; 

2 - Cu  il;j  in  e’ltecticun 

becores  copper  red 
and  brown  black; 

3 - W(Cu4l'^5Si4Mx) 

sli  htl:/'  corroded. 
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Figure  V-7  210x 


Figure  21f)x 


S-nne  as  Fig”.re  V-5 
Hot  corroded 


Condition  Sane  as  Fi'nire  V-5 

Corrosion  0, 5!^HF  liquid  solution, 

5-10  seconds 


Alloy  LD5 

Condition 

Corrosion 

Features  of  1 - 
Stricture 

2 - 


(Fel'tnSi)  Al^  is 
bri-ht  grey  -and 
in  the  shape  of 
skeleton 
CuAl^,  li"ht  red 


Alloy  LD5 


Features  of  1 ~ 
Struct’ire 

2 - 


(■^ei4iSi).M6  becomes 
brown; 

CuMq  cannot  be 
co'^roded  and  no 
chance  in  color. 
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Pif^e  V-9 


oOOx 


Mlov 


Mloy 


Seriicontinuous  casting, 
the  position  of  t’-e 
segregated  swellings 


Condition 


Condition 


Corrosion  25!oK!yOo  liquid 
solution, 15-20 


f'ixed  acid  liquid  , 
t^on,  5-10  seconds 


llgpgi  changed  fror. 
blue  to  black; 
(FeIliSi)Al5  cannot 
be  corroded,  and 
remains  bri'^ht  grey 
CuUp  charged  from 
li^ht  red  to  brovm 


Features  o 
Structure 


of  1 - KgqSi  corroded  cjid 
! becor  es  black  ; 

2 - (7ei'n3i)  Al6  veigr 
sli-htly  corroded. 


Features  ( 
Structure 


B 

6 

t . 

?i;~are 

Mloy 

Condition 

Corrosion 

Fe'’t''ares  of 
Str’icture 


V-11  600x 


Fif^e  V-12 


LB2  Allo'’- 

Semicon  tinuous  casting , Condition 

central  position 

25^KrT03  liquid  solut5-.on,  Corrosion 

15-20  seconds 

1 - IVjSi  black  in  co?-or;  Feat'jres 

2 - (PolliSi)  Al^  li~ht  Str!j.ct”re 

grey ; 

3 - a(Al)  + IlgoSi  + Si 

eutectic 


600x 


LD5 

Sericontinuous  casting, 
central  position 

25:?K?03  liquid 
solution, 15-20  seconds 

1 - MgqSi  black  in 

color; 

2 - •<MfeSi)Al6  li'^ht 

grey: 

3 - A(.Al)  + ligpSit 

CuAl^  eutectic^; 

4 - Cu.Alq  in  eutectic 
- is  broTO  black  in 

color . 
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• t.V' 


Pi, "0X6  V-14 


Firrure  V-13 


Allo" 


Alloy 


Semicontinuous  casting, 
central  position 


Cobdition 


Condition 


Corrosion 


Not  corroded 


Corrosion 


Features  of  1 - M"  Si  dark  blue 
Structure  in'^color  and  is  of 


Fea-J-\ires  of 
Structure 


a shape  of  polygon; 

2 - CuAlp  lif^ht  red  in 

color; 

3 - S(CuI'g;il2)  rrey  yellow 

in  color  and  of  a shape 
of  honeyconb; 

4 ~ (FelbiSi)  li"ht  "rey 

in  color  a:d  of  a 
shape  of  skeleton. 


60Ox 


LDIO 

Sa"e  as  Fi^u'e  V-I3 

25:^TCT03  liquid 
solution,  15-20 
seconds 

1 - HgpSi  becomes 

black ; 

2 - CuAlo  becomes 

brown  black; 

3 - ph-’se  3(C'u’'gilo) 

becores  dee'^ 
black; 

4 - (Fe!!nSi)Al^  cannot 

be  corroded. 


Ficure 

V15  210x 

Figure  V- 

16  210x 

•Uloy 

LDIO 

Alloy 

LDIO 

Condition 

Senicontinuous  castin';’, 
the  extreme  edge 
position 

Condition 

Cast  ingot  homo "^eni zing 
at  490° C for  12  hours, 
then  air  cooling 

Corrosion 

I^ixed  acid  liquid  so- 
lution, 10-15  seconds 

Corrosion 

T^ixed  acid  liquid  solution 
10-15  seconds 

FeatT-ires  of 
Structure 

1 - (?e!'jiSi)Al(' light 

grey; 

2 - I'lg^Si  black  in 

color . 

Features  of 
Structure 

1 - (^el'inSi)Al5; 

2 - Particles  separated 

from  solid  solution 
a(\l). 

2.  The  Stricture  of  Cact  Inrots 


V-1'’  Corroded  in  15;S'a0h  Liquid  Solution  1:3 


/JLloy  and  Condition  LD2,  sericontinuous  castinr 

Spec:  ficntion  i 290  m.  round  infjot 

Features  of  'j?r'’nsve'’se  nacroscopical  struct’jrc  of 

Structure  the  inrot,  in  t’le  edre  re  ion,  fiere  are 

fine  iaonetric  cr^Gt''ls,  but  t'  e urains 
aro  la”"er  in  t'^.e  middle  .and  central 
rerioDj  and  f'cy  are  la.r~er  than  t-ose  of 
LD5  •’lid  LDIO, 
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Fi'Ture  V-12 


Ctorroded  in  15^"a0h  Liquid  Solution  1:3 


Alloy  and  Condit  on 

Sqocifi cation 

■features  of 
Str-’-ct-ire 


LD5,  senicontinuous  castin'^ 

^ :190  !m.  round  inqot 

Tra''s''ers  nacrcscopical  structure  of  tee 
inqot,  thece  are  seyrepated  suellin'^s  on 
the  surface.  The  edqe  reqion  is  the  fine 
isoretric  cr'^stal  region  and  the  qrians  in 
rdddle  arid  central  part  are  lar  'e".  They 
are  sualler  than  those  of  LD2» 
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NaOh  Liquid  Solution  1:3 


Figure  V-19  Corroded  in  15! 


Alloy  and  Condition  LDIO, seni continuous  casti: 


round  in-^ot 


Transverse  macro scopic.al  structure  of  the 
in"ot,the  cr’^stal  'T'ains  in  f'-e  ed“e  region 
are  ve'nr  small,  and  the  ''rains  are  larger  in 
the  middle  and  central  part.  The  cr’'st'’l 
grains  ,are  smaller  and  more  homogeneous  than 
those  of  LD5. 


FL^ure  V-20 


Alloy  and  Condition  a - LD2;  b - LD5}  c - LDIO  senicontinuous  casting 
Specification  / 290  mn. round  inaot 


Features  of  Structure  of  brittle  fracture,  and  the  structure 

Structure  is  hoino~eneous  and  fine. 
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?i[:ure  V-21  210x 


Figure  V-22  21Cbc 


Corroded  in  !!’xed  -icid  Corroded  in  K'oced  icid 

Liqiiid  Solution  Liquid  Solution 


.\lloy  ufad  Condition  LD2  seinicontinuous  castirr 


Specification 

Features  of 
Stri-icture 


i 290  mm.  round  in~ot 

Flqure  V-21  illustrates  the  sfructvTe  of 
the  edfe  part  of  the  in'^ot.  The  meshes  of 
the  dentritic  cr^z-stals  arc  coarse  hut  the 
network  is  thin. 

Fi  aire  V— 22  i"lustra''es  the  struct’ire  o*''  the 
central  part  of  the  in^ot.  The  meshes  of  the 
dentrit  x cr-'stails  .are  smaller  and  the  netvrork 
is  thicker. 
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Figure  V-23  2I0x 

Corroded  in  Mixed  Acid 
Liquid  Solution 


Fiqure  V— 24  210x 

Corroded  in  T'lxed  Acid 
Liquid  Solution 


-Allov  nnd  Condition 

Specification 

Feafcu'es  of 
Structure 


LD2  in  honoqerdsinjq  (500°  C,  sta7rinp  in 
honoqenizinq  ^or  12  hours,  then  cooled 
in  fOnmace) 

i 290  mn.  round  injot 

Fifqire  V-23  illustrates  the  struct'n*e  of  the 
ed~e  part  of  the  inqot  '■fter  honopenization. 


Fijare  V-24  illustrates  foe  struct- ire  of  the 
central  part  of  the  ih^pt  after  homogenization. 

On  the  in[;ot,  after  homogenization,  there  remains 
the  stnctu-re  of  netirork  of  the  dentritic  cr-^stals, 
and  there  are  also  the  iarrov;  and  long  s’lbstances 
separated  from  (arrow  pointed), and  particles 

senarated  from  ohase  that  contians  Itn. 
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Figure  V-25  210x 

Corporled  in  ’'’xed  ^cid 
Liauid  Solution 


Pi'p.ire  210x 

Corroded  in  I'ixed  -icid 
Liquid  Solution 


.•\lloy  and  Condition  LD5  senicontinuous  casting 
Specification  i 290  mn.  rotind  inyot 


Feat’-ires  ov  'Fiyure  V-25  illustrates  the  structure  o^  the 

Str'.cture  edqe  part  oF' the  inprot,  ^d  the -meshes  of  f'le 

dentritic  cr-'stals  are  coarse. 


Figure  V-26  illustrates  the  structure  of  the 
central  part  of  the ‘ ingot,  and  the  meshes  of 
the  de  tritic  cr'-stals  are  fine. 
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Pi^Tire  V-27 


2lOx 


Pi<Ture  V-2T 


P.lOx 


Corroded  in  !'ixed  'icid 
Liquid  Solution 


Corroded  in  I'ixed  AcM 
Limrid  Solution 


Alloy  '“.nd  Condition 


LD5  in  the  condition  of  hono'^enization  (530®C, 
Et?.'’’in''  in  hoino’enization  ''or  12  hoiirs,  then 
coaled  in  '^.’mnce) 


Snecification 


i 290  nn,  rnund  inyot 


Features  of 
Stricture 


Fi.'j'Jre  V-2'’  s'lovrs  the  structure  of  the  edge 
part  of  the  ■lu.yota''-^er  honogenization. 


Figure  7-2B  shows  the  structure  of  the  central 
part  of  the  ihgot  af ' er  hono'^enization. 


-After  hono-eniaation,  on  the  ingot  remains  the 
network  strucVire  of  the  dentrife  cr'ctals,  and 
‘on’  the  matrices  of  a( Al)  t'ere  appears  some 
substance  se’iarated  from  phases  Ife^i  rjid  CuAlq 
and  particles  seoarated  from  the  phase  that 
on’it.ains 


Corroded  in  I'ixed  icld 
Liquid  Solution 


Corroded  in  I'ixed  Acid 
Liquid  Solution 


.AUo"  nnd  Condition  LDlO  senicontinuous  castinf^ 


Rl'-’ore  V-29  sho’-zs  the  structiire  of  the  ed<»e 
nart  of  the 'ingot,  and  the  neshes  of  the 
dentritic  cr"stals  are  coarse  and  the  network 
is  thin. 


■^ig'U'e  V-30  shows  the  structure  o^  the  cer-tral 
part  of  the ■ ingot , and  the  neshes  of  the  dentritic 
cr-'stals  are  fine  but  not  hono'^e^eous,  and  the 
hetw6rk  is  thicker  than  that  on  the  edge  part. 

Due  tothe  fact  that  the  conposltion  of  this 
alloy  is  nore  conplicated  than  that  of  allo”’  LD^ 
and  LD5,  t’-.ere  are  nan*’-  struct-’rod  siubstances 
anon"  the  ncs'^es  and  the  netvrork  is  also  t’-'lck. 


Fipire  V-32 


CoiT'oded  in  !'ixed  Ac'd 
Licmid  Solution 


Corroded  in  ll'xed  Acid 
Licmid  Solution 


LDlO  in  the  condition  of  hono'^enizition  (490^^0 
stayin-  in  hoTTO''enization  ''or  12  hours,  t'len 
cooled  in  ^Airn-’ce) 


.Allor  and  Condition 


rum.  round  in^ot 


Fig-ire  ?-32  s''0ws  the  structure  of  the  central 
part  of  the  Ingot  after  honogenization. 


After  hono  -enization,  on  the  ingot  rennins  a part 
o-'"  the  netvrork  of  the  dentrit ' c cr-'stals.  On  the 
the  matrices  of  a(.Al),  there  is  a great  qu-’ntity 
of  substances  separated  from  ph-’ses  l^pSi,Cu.Alp 
and  SCcul'gAlo)  and  the  particles  separated  from 
the  phases  that  contain  Ih. 


3.  The  StniGt\are  of  Extruded  Articles 


Plfiure  V-33  1j1 

Corroded  in  Kixed  Acid 
Liquid  Solution 


■Alloy  ■’nd  Condition 


Specification 


LD2C3  (510^^3,  30  ninutes,  inter  c'oling, 
155°C,  a-in-  fer  15  hours) 

im. 


features  of 
Structure 


The  lon-itudinal  macro sc'ipical  stricture 
0^  t'-’o  ^ont  end  of  the  beiE,  a^d  on 
the  top  the  -e  remains  the  ca^  ■ Isometric 
crystal  yr^ins  which  did  not  deform  and 
the  'Tains  ajre  Taduall'"'  stretched  lonr. 
On  the  edge, the  deformed  fiber  structure 
can  be  clear l^r  seen. 


lil'T.u'e  V-34 


1:1 


Corroded  in  !'txed  Acid 
Liauid  Solution 


Alio:’’  nnd  Condition 
Specification 


LEGCS  (510°C,  30  minutes,  vrater  cooling, 
15f'C,  aging  for  15  hours) 

i 70  mn.  bar 


Feattu'os  of  The  trans’T’erse  macrosoopical  struct'jre  of 

Stracture  ' he  front  end  of  the  bar,  Fxce’^t  that 

the  crystal  grains  on  the  edge  re -’on  ®re 
deformed,  in  the  of’er  re''ion,  the  appearance 
of  the  crystal  Ta’^ns  in  casting  can  still 
be  seen. 
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Figure  V-35  Corroded  in  Taxed  Acid 
Liquid  Solution 


Alloy  and  Condition  LD2C5  (510°C,  31  minutes,  155°C,  a-'in'^ 

for  15  hours) 

.^eciflcation  / "70  mn.  bar 

^eatui’es  of  The  longitudinal  nacroscopical  structirre 

Stricture  O’"'  the  rear  end  o'*  the  bab.  ^/hen  t’-ie  bar 

is  extruded,  the  metal  deformation  is  not 
even,  and  t’le  deformation  at  the  rear  end 
is  larger  than  that  at  the  front  end  . 
There^’ore,  on  the  surface  of  t'-'e  rear  end 
appears  coarse  and  large  recr^stalization 
region  (coarse  crystal  ring)^  but  on  the 
inner  ply,  the  cyrstal  T'.ains  .are  fine 
and  lon"^  like  fibers. 


Corroded  in  I’ixed  Icid 
Liquid  Solution 


LDSCs  (510°C,  30  minutes,  v/ater  coolinr 
15 ^C,  arrinf^  f*or  15  hours) 


Alloy  and  Condition 


Features  of 
Structure 


T!ie  tr-’.nsrerse  macroscropical  struc',ure 
f-e  rear  end  o'*  the  bar.  Beca'use  the 
extruder  is  multiple  holed,  the  coarse 
cr’^stal  re  ion  looks  like  a crescent. 


Ficu.ro  V-37 


210x 


FiCire  V-3'  210x 


Corroded  in  I'ixed  Acid 
Liquid  Solution 


Corroded  in  I’lxed  .Acid 
Liqir’d  Solution 


FifTure  V-39  210x 


Fi-ure  V-4D  210x 


Corroded  in  !!ixed  .Acid  Corroded  In  rixed  -Acid 

Liquid  .Solution  Liquid  Solution 


Alloy  and  Condition  LD2CS 


Specification 


^ ’^0  nm  bar 


(continued) 
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Features  of  Fif^e  V-3''  show-  t'.e  lon^idinal  struct’ire 

Struct'u’e  of  the  edfr©  at  the  front  end  of  the  bar. 

The  chonical  conpounds  are  broken  and  arranged 
alonr^  the  extrusion  direction,  and  ■‘he  alloy  h-’S  not 
coBipletely  recrystalized.  The  reci"rstalized 
grains  s'tretch  along  the  extrusion  d-'rectian, 
ajid  a '■T'eat  nunber  of  deformed  fiber  structures 
remains. 


Figure  V-3^  shows  the  trans'-erse  stnacture. 

Figure  V-39  shov/s  the  longitud'nal  structure 
of  the  central  part  at  the  ^ont  end  of  the 
b-ir.  Because  the  de~ree  of  de^’ormation  's  s^all, 
some  remnant  casting  straictu''es  can  still  be 
seen.  Besides  some  recr-stal  strictn  es,  a 
number  o^  h’'po-cr''’Stal  grains  can  be  seen. 

Figi.u'e  V-4B  shows  t'-e  trans"erse  str'ict’U'e. 


C!orroded  in  T'i^ed  Acid 
Liquid  Solution 


Corroded  in  !’ixed  Acid 
Liquid  Solution 


Figure  V-43  210x  Figure  V-4^,  210x 


Corroded  in  Fixed  Acid  Corroded  in  Fixed  Acid 

Liquid  Solution  Liquid  Solution 


Alloy  -nd  Condition  LD2CS 

Specification  i "^0  nr!,  bar 

(continued) 
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Featm'es  of 
Steictiire 


Fi'nrre  V-41  s’^ows  the  lonf^itud’nal  stricture 
of  t’  e edge  re.'^ion  at  the  re'>jr  e’^d  of  the  b-’r. 
The  c^’enical  cornpounds  are  severely  broken  and 
sea ‘‘ter  on  the  matrices  of  a(*J.).  The  allo”'  hari 
conpletel”’  recr”stalized  and  the  grains  are 
coarse. 

Fir’.ire  V-42  shows  t’-e  transverse  str’icture. 

?iguro  V-43  shows  the  longitudinal  str’.ict’ire  6f 
the  central  part  at  the  rear  end  of  the  bar.  The 
de  -ree  of  defom-'tion  is  smaller  than  that  at 
t’’e  central  part,  but  it  is  lar  er  than  that  of 
t’''e  central  part  at  the  front  end.  The  chemical 
corpounds  are  therefore  broken  less  severe  than 
those  of  the  edge  re'ion,  bat  more  severe  than 
those  o'*  f-;e  central  part  at  the  front  end.  The 
alloy  has  not  yet  complete!"  recr”’stalized. 

Fi'arre  V-44  shows  t’^.e  tranE’’’orse  str'icture. 


Figure  V-45  1:1 

Corroded  in  30%']aO'R  Liquid  Solution 


LD5CS  (5^?0°C,  30 
ninutes,  water  cooling, 
160°C,  aginq  ^or  8 
hours) 


Alloy  and 
Condition 


Features  of 
Structure 


The  transverse  nacpo- 
scopical  structure  of 
t'e  rear  end  of  the 
bar.  The  testin-j  piece 
was  cut  before  quenching, 
so  there  is  cutting 
e''fect,  the  grains  in  the 
coarse  crvstal  link  are 
fine  and  small . 


Fig’Jire  V-46  1:1 

Corroded  in  30'^jNaOT^  Liquid  Solution 


Alloy  and  LD5CS  {520°C,  30  ninutes, 

Condition  water  cooling,  160'’C, 

aging  for  8 hours) 

Specification  60  nm,bar 

Features  of  The  lonaitinal  nacroscopical 

Stricture  structure  of  the  rear  end 

of  the  bar.  The  left  end 
in  this  Figure  corresponds  to 
the  trans'''erse  structure 
in  Firire  V-45>  snd  the 
right  end  corresponds  to  the 
transverse  structure  in  Figure  V-47,  It 
thus  can  be  seen  that  the  depth  of  the 
cutting  ef''ect  on  the  crystal  structure 
is  about  20-30  nm. 
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Plrure  V-4'^  1:1 

Corroded  in  3^‘^NaOH  Liquid 
Solution 


Ulov  and  LD5CS  (520OC,  30 

Condition  minutes,  water  coolinr, 

160° C,  aginq  for  S 
hours) 

Spec* fication  i 60  ran,  bar 

Features  of  The  transverse  Tnacro- 

Struct’ore  sco^ical  structure  of 

the  rear  en^  of  the 
bar," Because  the 
testing  piece  was . cut 
after  quenc’-’.ing, 
there  is  no  cutting 
ef'^ect,  and  the  grains 
in  the  coarse  citrstal 
re "ion  are  coarse 
and  lar 'e. 


iCTT  Liq’-iid 


Solution 


?i!~.irc  V-./,9  Corrodod  in  Liquid 

Solution 


LD2CS  (510°C,  niiiutcE,  vnto: 
a'^inq  '’or  15  hours) 


"dloY  and  Condif  on 


XC051  nold. 


3pcci‘’ication 


Fij'.ro  V-AS  s''ow3  ^he  uacros 
the  front  end  of  the  nold. 


Features  o: 
Structure 


Fiffire  V-49  shovrs  the  raacroscopical  structure  of 
the  roar  end  of  the  nold. 


The  structure  at  the  front  end  is  hono~eneoTis 
and  '’ine,  a,nd  that  a.t  t'  e rear  end  is  vei".’-'  not 
homogeneous.  On  both  inner  and  outer  pips,  t’^'ere 
are  coarse  crystal  lirJks.  The  'U'e'^-W’ite  lines 
(arrow  pointed)  in  the  '^i  uires  are  the  welded  regions 
which  are  made  bv  a ton-uie-s’  "rod  ex^, rider. 


Figure  V-50  ^ 210  X 

* t — 

Corroded  in  Mixed  Acid 
Liquid  Solution 


Flgore  V-52  . 

Corroded  in  liixed  Acid 
Liouid  Solution 


Figure  V-51  210  x 

Corroded  in  I'ixed  Acid 
Liquid  SolutiojJ' 


Figure  V-53  210  x 

Corroded  in  I'ixed  Acid 
Liquid  Solution 


,j 


24^4 


.'O.loy  Contrition  LD2CS 


Pi'“jTe  V-51,  V-53  and  V-55  respective!'''  s iow 
the  regions  of  JUttinp  ed'^es  on  the  inner  vfall 
at  the  rear  end  of  ^he  mold,  and  the  lon''i- 
tud'^nal  struct''are  in  the  middle  re'^ion  and  the 
outer  wall  re  “ion.  The  outer  wall  is  t'^e  structure 
of  the  recir/stalized  coarse  rrains,  and  the  region  of 
juttina  edaes  on  the  inner  wall  and  the  middle 
re ''ion  are  the  structure  of  recr'-stalized  fine 
''rains.  The  chemical  compouiids  arc  broken  much  more 
seve''ely  than  at  the  front  end,  and  t’-e  directionality 
of  arranrjiny  in  line  is  quite  strong. 


Pifaire  V-54 


210x 


Pimjre  V-55 


210x 


Corroded  in  I'ixed  icid 
Liquid  Solution 


Corroded  in  I'ixed  ^cid 
Lio’oid  Solution 


Specification 


XCO'!!  mold 


Feataires  of 
StructTxre 


Pi'pu'e  V-50,  V-52  and  V-54  respecti"el'>'  show 
the  re  "ions  of  Jutting  ed^es  on  the  ininer  wall 
at  the  front  end  of  the  mold,  and  the  longi- 
tudinal structure  in  the  middle  re  "'ion  and  the 
outer  wall  region.  The  alloy  has  alrea<iv  re- 
cr^-stalized,  and  the  qrains  are  relatively 
homogeneous.  The  chemical  compounds  are  arranged 
in  lines  '’nd  those  vf-ich  -’re  on  inner  ^^all  and 
outer  vn.ll  are  broken  more  severely  than  those 
in  the  middle  re  'ion. 


Figure  V-56  210x 

Corroded  in  I'ixed  Acid 
Liquid  Solution 


Fi^nore  7-5'^  2l0x 

CoiUDded  in  T'ixed  teid 
Liquid  Solution 


Allor  and  LD2C3 
Condition 


Alloy  and  LD2Cs 
Condition 


Specif  "cation  .XC051  inold 

Features  of  The  Figure  shows 

Str.ict’ire  the  trans^’erse 

structure  of  the 
welded  he^ions . 

There  is  a group 
of  f’ine  and  re- 
cr-'stalized  mains. 

Its  corresponding 
nacroscopical  struc- 
’ire  looks  li?<e  a 
dopres-ed  moove  a'.d 
'•Iso  lilce  a w’lite  line 


Specification  XC051  mold 

Featu-'es  of  The  Fi  ure  shows  f'^e 

Structure  lon-itud-'nal  stnc- 

t’are  of  the  welded 
reyions.The  direct ion- 
alitv  that  the  c-’enical 
coKpo’ands  here  are  to 
arr-’n'^-e  thensel"es 
in  line  is  rat’  er  stron'^^ 
and  anona  the  lines 
there  are  fine  an-^  small 
rocr”stalized  manns. 
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Corroded  in  I'ixed  Acid 
Liquid  Solution 


Allov  -uid  Condition  LD2C3 


XC051  mold 


Specification 


Tlie  figure  shows  the  transverse 
stmcture  of  the  re  •ular  part 
adjacent  to  the  welded  pegibn  of 
the  nold.  Conpared  with  the  regions 
of  welded  , ’parts,  t’-'e  c''enical 
cormounds  and  the  recr^rstalized 
"rains  are  all  nore  coarse  and  lar^e: 


FeaVores  of 
Structure 


L 


Finaro  V-59 


.•\lloy  ■’.nd  Condit'on 


Spcci.f'icn.tion 


Feit-jrcs  of 
Str-ict’.'.re 


Corroded  in  3‘'^/^iinOI!  Liquid 
Solution 


LDIOCS  (503  ± 5“C,  30  minutes,  water 
cooling,  160®C,  aging  for  8 hours) 


XCO5O  mold 


T’"e  tr''ns"erse  microscopical  structure 
o'"  f'e  mold.  In  t’-c  pl-'.ces  v/’icre  there 
are  e sinew  lines  there  are  coarse 
cr”stal  rings,  end  its  depth  is  about 
3 mm.  From  tire  end  of  the  sinews  to 
f'G  positron  of  the  inner  iijall,  there  is 
low  def-rmatr on  region  w^ich  l^oks  like 
a tria.n'^lc. 
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51  Tore  V-64  210x  51e:ure  V-65  2l0x 

Corroded  in  Mixed  Acid  Corroded  in  Mixed  Acid 

Liquid  Solution  Liquid  Solution 


i 

f 


I 


f 

1 

I 


Allojr  and  Condition  LDIOCS 

Specirication  XCO5O  nold 

Features  of  Fi.qure  V-60,  V-62  and  V-64  respective!;^  show 

Structure  the  top  of  the  sinews  at  the  rear  end  o^  the 

mold,  .and  t'-.e  longitudinal  structure  of  the 
middle  part  and  the  inner  \rall,  Allojr  has  already 
recrvstalized.  In  the  reqion  where  defoAnation  is 
low,  t’:e  break  of  the  chemical  compounds  is  less 
severe.  The  chemical  compounds  which  are  aronp 
the  sinews  and  on  the  inner  wall  are  coarse  and 
large,  and  they  are  arran'-ed  in  lines  and  piles. 
Those  which  -are  on  the  top  of  the  sinews  are 
fine  and  small  and  they  are  distribuired  evenly. 

51gure  V-61,  V-63  and  V-65  respectively  show 
the  top  part  of  the  sinews  at  the  rear  end  of 
the  mold,  and  the  transverse  stnctiore  o^  the 
middle  part  and  the  inner  wall. 


i 

i 

i 


2^9 


i 


Plpure  V— 66  210*  'Figure  V— 67  210* 


C3orroded  in  Mixed  Acid  Corroded  in  Mixed  Acid 

Liauid  Solution  Liq^uid  Solution 


’Pil?-ire  V-6S  210*  : Figure  V-69  210* 

Corroded  in  M:‘xed  Acid  Corroded  in  KikeA  Acid 

Liquid  Solution  Liquid  Solution 
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Cor  ’oded  in  I'ixed  Acid 
Liquid  Solution 


Corroded  in  Mixed  Acid 
Liquid  Solution 


■Alloy  r'.nd  Condition  LHLOCS 


XCO50  mold 


Snecificution 


Fi^-ire  V-66,  V-60  and  V-'’0  respect’vdy  show; 
the  outer  uall  of  the  tujie  wall  part  at  the  rea: 
end  of  the  mold,  and  the  lonqituddnal  stmcture 
o"  f-.e  middle  port  and  the  inner  vra.ll.  The 
alloy  has  already  recr”-stal:’ zed  and  the  'Tains 
stretch  along  the  direction  of  the  extrusion. 
Due  to  the  -^act  that  the  deformation  is  greater 
than  that  on  the  same  section  of  the  sinew  part 
the  chemical  compounds  sm-^  11  and  the  direc- 

tionalit-'-  o-f  arrangin'^  them  in  I'ne  along  the 
extrusion  direction  is  quite  strong. 


Figure  V-6'^,  V-69  and  V-^l  respectively  show  the 
outer  vrall  of  the  tube  wall  part  at  the  rear 
end  of  the  mold,  and  the  transverse  structure  of 
the  middle  part  and  the  inner  wall. 


Corroded  in  30fJ!"aC' 
Linuid  Solution 


LD2CS  (510°C,  30  ninutes,  vrrter  coolin- 
155°C,  a-in'^  "or  15  hours) 


Mlo”  rnd  Condi 


Snocifiention 


Fimire  V-74 


Pinr?e  V-  3 


Corroded  In  Mixed  ^cid 
Llouid  Solution 


Corroded  in  Mixed  Acid 
Liouid  Solution 


LD2CS 


\llo’'  '’nd  Condition 


D S5  X TTirn.  tube 


SDecif*ication 


Figure  V-'73  shows  f-e  lon^-itudinal  structure 
of  the  tube.  The  alio?/'  has  conpletel^’-  re- 
cr'’’stalized,  and  the  chenical  conpounds  on 
the  mtrices  of  a(Al)  are  fine  and  small 
and  distributed  evenly. 


Features  o‘ 
Str'.ctnre 


Fiyu”e  V-'^A  shows  its  transverse  struct-.u?e. 


mi 


4.  The  Struct’ire  of  Die-fori»ed  <'\rticles 


Fi^TATe  V-'^5  Corroded  in  30:'^Ia0n 
Liquid  Solution 

-illoy  and  LD2CS  (510°C,  60  minutes,  water  cooling,  1550C, 
Condition  ^ing  for  15  hours) 

Specification  D2  die-forred  article 


Featui'es  of  The  Fir-ure  shows  the  macroscopicaJL  structure  of  the 

Structure  lines  stretchin"  following  a natural  flow  of  the 

die-forged  article.  The  structure  is  homogeneous  and 
fine.  The  Stream'  lines  are  distributed  along  the 
outline  of  the  appearance  of  the  artic].e.  In  the  thin 
v/all  part,  there  are  some  coarse  recrystalized  Tain 
structures. 


Figure  V-'^6 


1:1 


Alloy  and  LD2CS 

Condition 


Specification  D2  die-for^ed  article 

Features  of  This  Fifgure  illustrates  the 

Structure  struct\ire’.of  the  transverse 

fracture  in  f'e  thin  irall  part 
of  the  die-for"ed  article  in 
Fi-nre  V-'’5, 
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I 


tf  «-n'a 

-i 


Firri^e  V-Sl  210x 

Corroded  in  ''ixed  icid 
Liouid  Solution 


Pi^nire  V-i2 


Corroded  in  llixed  icid 
Liauid  Solution 


illo:'’  and  vxjndition 

3peci''ica.tion 

Feat’ ire 3 
Str'icturc 


D2  die-for  ed  article 

Figure  and  V-81  respectively  show 

the  stmctrjG  oT  the  outer  ed~e  region,  the  middle 
region  end  the  inner  edge  rerrion  in  the  thick 
irall  par*,  of  the  die-for-'ed  article. 

Fi~’-U'e  V-’^8,  V-80  and  V--2  respectively  show 
the  struct’ure  of  the  outer  ed-'e  re~ion,  Vie 
middle  re 'ion  and  the  inner  edge  re '"'on  in  the 
tain  i^/all  part  o^  the  die-for^ed  article. 

Tn  the  thin  wall  part  O'"  t’’e  die-forged  article, 
because  the  de  ree  of  de'''ornation  is  '•reat  on 
the  inner  edge,  .the  cbehical  compounds  are 
broken  more  severel’”.  On  t'  e outer  edge,  the  derree 
of  defahnation  is  snail,  the  che"ic.al  compounds 
are  broken  less  severel"".  The  co.ndition  of  the 
middle  part  is  in  between  those  two  re'’'ions. 

In  the  thick  i/all  part  of  the  d' e-'^or -ed  article, 
beo'’uso  t’  c demree  of  deformation  is  smaller  than 
tha'  in  the  thin  wall  part, the  chemical  compounds 
are  broken  yenerall”  less  sevcrel,*’’.  Tn  some  places, 
t'-c  o’Jtline  of  the  deatritic  cr-'stal  netvrork  can 
still  be  seen,  .bid  V’ere  is  a mreat  ojiount  o^ 
seyremated  particles  dispersed  on  the  matices  of 
a(Al)  evenly. 


Flrura  V-G3 


210  X 


Corroded  in  lELxed  Acid 
Lieuld  Solution 


figure  V-G4 


210  X 


Corroded  in  ITlxed  ^Acid 
Limiid  Solution 


Pinire  V-^5  ■ ‘ 21“* 

Corroded  in  !!ixed  Acid 
Liquid  Solution 


figure  V-86  2io  x 

Corroded  in  ’Ixed  Acid 
Liquid  Solution 
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Plru-e  V-87 


2l0x 


Jlrrure  V-8'^ 


210x 


Corroded  in  Mixed  Acid 
Liquid  Solution 


.\II07  and  Condition 

Specification 

Featirres  of 
Stru^tijre 


LD2CS 


Corroded  in  I'foced  Acid 
Liquid  Solution 


D2  die-forqed  article 

Fi^ire  V-B3,  V-f5  and  7-8'^  rospecti-el?/’  show 
the  structure  of  f'e  outer  edqe  region  and  the 
niddle  re'^ion  and  t'^e  inner  ed'^e  region  in 
f'e  thin  vrall  part  of  the  die-^or'^ed  article. 

Pigi-ire  V-84»  7-86  and  7-88  resuectively  show 
the  structure  the  outer  edre  region  and 
the  middle  refjion  and  the  inner  edae  re~ion  in 
the  t’'ick  vrali  part  of  the  dle-^or^ed  article. 

Compare  the  chenic'’!  compoimds  and  the  castinf? 
condit long. Because  the  solid  solution  is  further 
reduced,  alloy  has  rccr’’’stalizcd  and  the  sr^ins 
stretch  alonq  the  de‘’ormation  direction  o'"  the 
castinj?. 
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CoiToded  in  35^^NaO!' 
Liauid  Solu-hion 


‘Jlo-  -jid  Condition  LD5CS  (515  ± IQOC,  60  minutes,  water 

cooline,  l6n0C , ae-ino-  for  8 hours) 


Snecif 'cation 


LD5CS 


Alloy  and 
Condition 


Snecification  D3  die-forced  ar 


This  Pa^nire  shovrs  the 
structure  of  the  radial 
fracture  in  t’-e  thioh 
’jail  part  (arrow  po5jited 
in  Picire  V-'^9),  and 
the  structure  is  ^ine 
and  ’lono-eneous. 


CoT’roded  in  ’'ixed  icid 
Lio-’id  Solution 


Corroded  in  I'Jjced  icid 
Liauid  Solution 


nd  Condition 


D3  die-forrred  article 


Snecific.atlon 


Features  o 
Structure 


1 


V-92  nnd  V-94  resnect’velv  show  the 
str'ict'iTe  of  f c niddle  re-'ori  °nd  tho  outor 
ed,'~e  ro— -on  in  t’'.e  thin  vjnll  part  of  the 
dio-for'^ed  article. 

In  the  t’-'-iah  vra.ll  part  of  tlie  article,  ^ cca'.:se 

the  decree  of  deforration  at  the  ed^c  is  small 

and  the  brealcina  of  chenical  conpounds  is  not  i 

severe,  the  re’'’nauit  casting  stricture  car.  stiH 

be  seen.  In  the  niddle  region,  the  decree  \ 

de''o ■-'ration  is  rreat  and  the  <a'TOunt  of  the  ' 

broken  chenica  compounds  is  larfje,  the  struuc- 

t'JU'e  is  fine  and  hono''en*.ou,s,  ^ , 

In  the  thin  v;all  part  o^  the  article,  bec'’use 
the  devee  of  de'^omation  is  'U’eater  than  that 
in  the  thici:  vrall  part  •’nd  th.e  c'^enical  cor-  ; 

povinds  are  broken  none  thorou~hly,  no  rennan'  : 

casting  strj.ct’ire  can  be  seen.  H'-e  allo7  has  | 

not  c'-npletel'”'  recrpstalized  and  on  its  i 

str.vcture  sore  V/po-cr^stal  ^ai.ns  (ari’ov.'  pointed)  j 

can  be  seen. 
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Section  1 


Chonicnl  Co"r)03ition  end  Phace  Pomation 


The  c’:anical  cennosition  of  alloys  of  alitaiimir.-zinc-ma"nesiur.- 
coppor  Toup  can  be  seen  in  Table  VI-1. 

Table  VI-1  Chemical  Comyxisition  of  Snperhard  Murinun 


IiBpiirity  No  >foye  Than  {%) 


0.6 

0.5 


0.3 
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Chanter  6 


Alloy  of  'uujninuri-.Z‘'.nc-l!arnesiiirv»Coppor  Cr'^up 


Alloyrs  of  alnr.in’im-zinc-nanriesiiar’-conner  'Toun  are  one  kind  o 


ilur.inum  alloy,  which  has  the  hia'iest  stren-th  under  room  temperature 


in  production  at  the  present  tine.  Tlieir  streniyth  is  much  hiehe"  than 


that  of  hard  aluninijm  (LYll  and  L''’’12) , so  they  are  usually  called  super 


hard  aluminum. 


5br  alloys  of  this  yroup,  the  brand  marks  which  are  often  used 
include  LC3,  LC4,  LC5  '’nd  LC6.  They  can  be  processed  into  plates,  bars, 
wires,  pipes ‘^d  semJL-finis’icd  for  ed  articles,  I'ainly,  however,  they 
are  used  to  maJ:e  struct’Jire  materials.  For  promoting  corrosion  resisting 
capability  of  the  allo  ',  the  .s’'.rface  of  its  plates  is  often  covered  b?' 
a layer  of  alunin’m  vnich  cont^’ins  l^Zn. 


^Impurity  total 


■ -rf. 


f ^ 

The  principal  constituents  of  alloys  of  this  -nroup  are  zinc, 
na'Tiesiun  anrl  cooper.  In  addition,  sorce  of  f^e  alloys  contain  !nan'"anese, 
chronin’-'.,  titaniun,  zirconi’jn  and  silver.  Zinc  and  na^jnesiun  are  the 
elenents  that  help  to  stronrrthen  the  alloy,  and  the  increase  of  zinc 
•’nd  navnesium  contents  can  elevate  its  strength  bit  lower  its  rollinv 
ability,  and  also  ryfce  its  stress-corrosion  resist inp  capabiili^iy  poor, 

; 3ut,  if,  a proper  anount  of  copper  is  added,  the  mechanical  propert'''  of 

; '■he  alloy  can  be  pronoted  and  its  corrosion  resistin/r  abilitv  can  also 

be  improved.  To  the  alloy,  which  contains  6-.l2'i  Zn,  1,5-3%  Cu  is  added, 

its  rolling  r-’te  and  the  ' ‘ strength  will  be  incBeased,  and,  at  the 

same  '•ine,  its  stress -corros ' on  resisting  capabilHy  can  also  be  improved,  i 

But,  when  the  copper  content  is  over  3?a,its  co'V’osion  resist 'pp  abilit’’' 

’.d-ll  become  poor. 

The  addition  of  manpanese  and  chromium  can  help  to  increase  strenpth  of 
the  alloy  -uid  the  effect  of  a -inp  \inder  fresh  quenc’iinp,  and,  at  the  same 
time,  its  stress -corrosion  resisting  capability  can  be  improved  as  well.  : 

In  the  alloys  of  this  nroup,  iron  and  silicon  are  harm^hil  impurities. 

They  can  ^om  a complicated  chemical  comnound  which  is  hand  to  dissolve, 
and  this  chem.ical  compound  will  reduce  the  mechanical  prope”ty  of  the 
extr'idcd  articles.  Iron  can  also  bring  down  the  "Shear  strength  of 
wires  made  of  alloy  LC3  and  make  their  fastening  ability  poor.  Sil'con 
to  -ether  with  the  ma-nesium  contained  in  the  alloy  form  I'IgpSi  and  reduce 
the  quantitr’’  of  strengthening  phase  T-^gZno  and  TClIg^Zn^Alo) . The  strenath 
of  the  alloy  is  thereby  broumht  dom,  so  the  silicon  content  shou].d  be 
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controlled  at  a nin'num  level.  Althou'^h  t'^'e  presence  o'*  silicon  in 
the  alloy  is  harmf'.il  to  the  streii'^th  of  'shear  resistance  vires, 
but  silicon  \n.ll  not  af^’ect  t'  eir  fasteninj^  ability. 

'■Tr,en  iron  and  silicon  exist  sinult'’neousl:’’,  their  e^’^ect  on  the 

qualit''’  of  the  alloy  is  snalle"  than  that  vfhen  either  of  them  exists 

alone.  If  iron  and  silicon  contents  are  lovrer  than  0,5%,  the^e  will 
on 

be  no  e'^foct  the  nechanical  pr  pert'’’  of  alloy  LC4  and  LC6,  But  iron 
and  silicon  can  reduce  the  stren'^th  of  .shear  'resistahe?'  of  vires  made 
of  LC3  ■'-nd  weej:en  their  fastening  ability  as  well. 


- weight  {%)  Mg 


Pi ire  VI-2  The  cross 
section  of 
the  variable 
t’lemal  section 
of  G'Jl  + lig  =5%,  Zn  = 6^  in 
the  equilibrium  dia-ram  of 
■\1-Cu-M''’-Zn  rTouo  alloy 


- weight  {%)  Zn 


?i,<rire  71-1 


The  200°C  isothermal  section 
of  dependent  aluminum  angle  in 
the  equilibrium  diagram  of 
\1-Mg-Zn  *roup  alloy 


Pron  Pir^e  7T-1  find  ?i'’':re  71-2,  "nd  the  ran"e  of  the  allo’’’ 
constituents,  it  can  be  knovm  that  the  phases  that  are  foraed  when  alloy 
LC4  is  under  the  condition  of  annealing  and  'TT'^dual  coolLn^,  are  a(Al), 
H'-Zn^,  T(.\lZn’VCu)  and  S(CT?!pAlo),  In  additidn,  there  are  Mf^^Si, 

AU-TiPeSi  and  (PeMn)Al/,,  which  arc  all  in  snail  quantity. 

In  LC4  inpot  which  is  under  semicontinuous  castinf»  (water  cooliny) 
besides  a(M),  T ( ilZnllyCu)  and  3(Culi'"Uo),  f ere  still  are  phases 
illtn'^eSi  and  ('^e!-h)Al^.  'Piese  phases  all  exist  on  the  network  o'"  the 
dentrit’c  cr-stals. 

The  binarn  eutectic  T(.MZnUf^Cu)  and  a(Al)  is  of  a 

structure  of  a porous'  a"nreyate.  Phase  T(AJ.ZnI'yCu)  is  dark  nrey 

in  color.  The  eutectic  S(Cul''yAl2)  and  a(Al)  looks  like  a 

honeycomb  (pirure  VT-3),  Phase  T(AlZn!-^Cu)  and  S(CuKnAl2)  can  all  be 
corroded  in  n'xed  acid  liquid  solution,  but  the  decree  of  corrosion  of 
T(.41Zn’"yCu)  is  smaller  than  that  of  S((Xd5qAl2).  Phases  .Ulti'^eSi  and 
(?eiki)Al(<,  .are  all  bri  -ht  yrey  in  color  and  they  are  of  the  share  of 
either  schists  or  narrow  lon~  pieces.  They  are  easy,  to  be  corroded  in 
7o3G/  liouid  solution.  After  corrosion,  the’'  become  black  brown  (■'*’’ '"ure 

~ -S'  * ' 

71-4  and  Pi  .pure  71-5). 


Section  2 

Characteristics  of  Heat  Treatment 


Quenching  and  aging:  Compared  with  alloys  of  Al-Cu-Tig  group,  the 
r.anae  of  quenching  temperafjrc  of  allots  of  this  'Toup  is  broader.  ' It 


iri.ll  not  affect  the  stren^’th  value  of  allovs  i/hich  contain  no  B»re 
than  6%.^  and  jio  more  than  3r>  Mg  if  the  quenching  tenaeraturc  is 
bet^TRen  420—430^0,  But  when  the  tenaer.at'U’e  reaches  the  po5.nt  higher 
than  4^0°C,  the  corros ion-re sisying  ability  of  the  alloy  vrill  yo  down. 

So,  under  yeneral  condition,  quenching  should  taf'e  place  at  45O-/,S0'^C. 

P’.ire  y._!'g-Zn  allo'"  hTS  loss  sensitivity  to  the  speed  of  nuench 
coolin'  . Ih:t  allo"’’s,  lihe  LC4  nnd  others  bec.a".se  the"’  contain  s^ic’"' 
elements  as  Cu,  !'n  and  Cr,  haa.'e  "rcater  sensitivlt'''  to  f e speed 
quench  coolin".  Sq  t’'.e  quench  transferrin-  period  '’or  these  allc's  ou-ht  to 
be  shortened  to  the  nlniratm  w’-'ien  cuenc'  in~  "-a-ces;  plaee. 

5br  these  allo''’’s  v;hen  a in-  t^hes  place,  f ere  vrill  be  a ma::imun 

point  otf  the  curve,  v/hich  ind  cates  rele.tuions’  ip  between  temi?-e 

stren  th  and  tine.  If  f e a-in-  tal:es  pl-’ce  at  120°C,  14n°C,  160'^C, 

l^'O^'C  and  2fO°C,  t'-ere  vrill  be  ~'.70  nardjTur.  points.  Between  these 

tvjo  points,  on  a curve,  w'  ich  ind’c'^tes  relationship  betvreen  ayin- 

to.nnerature  '’nd  tensile  stren-th,  t'-ere  are  t'.ro  ■■’ertexos.  The  ''irst 

^ second 

one  a'^pears  in  between  20-f0'C,  -’nd  the,  one  aopo.ars  in  betircen  .120- 
140°S.  If  aging  (inc.luding  nat’.u’al  a-ir.g)  tadees  p].acc  vrithin  the 
ter.T'crature  r-ji-e  o"  ’'irst  vortex,  the  plastic 'ty  of  the  allo^r  '.rill 
be  'ood.  and  its  stress-corrosion  resistin-  capabil't’.'  vrill  be  ..not, 
’'aterial.SjVr'ich  haa''e  aping  vrithin  t'-e  temperature  ra.n-e  o'"  the  second 
'.'e  'tex,  ^rill  ha-'e  poor  extensibility,  but  their  stres.a-corrosion  resisting 
caeabilit”  is  -ood,  and, at  t’-e  sa~e  time,  f-cir  period'c  stren  -th  can 
also  be  improved.  So  the  aging  temnerature  "o"  LC4  s’lould  be  at  120-140°C. 


?br  fur-^.her  inprovinfr  the  stress- corrosion  reslstinr^  capability 
of  these  alloys,  f'.e  nethod  of  step-ayin"  ought,  to  be  adopted.  K plate 
of  LC4  with  thickness  of  2.0  m,  for  exa'^nle,  t-’kes  aging  at  120'^C  for 
24  hoiirs,  its  tensile  strength  can  be  as  Jiigh  as  62  and  its 

stress-corrosion-breaking-resistance  is  123  hours.  If  it  takes  aging 
at  120°C  for  6 hours  and  repeats  it  at  l60°C  for  3 nore  hours,  its 
t6nsil6'  st^en'-tl^  "as  a result,  j-tLU  "o  down  by  2 kg./  nm^,  but  its 
stress-corrosion-brealcinf^-resistance  can  reach  to  525  hoijrs.  It  is 
the''e''ore  obvious  f^at  the  adopt'on  o'*  step  a^ing  not  onl^r  raises  the 
stress-corrosion-resistance  abilit"''  and  also  shortens  the  aging  period. 

■innealing:  Of  a cold  rolled  2.0  nm  plate  of  LC4  (deformtion 
rate  is  60^,  heating  in  air  '‘urnace  and  tenperature  retention  is  1,5 
hour  then  cooled  under  room  tenoerature) , the  beginning  temperature 
of  recrr'stalization  is  300®C  and  the  ending  temperature  of  recr''stal- 
ization  is  3’’0°C.  The  recr'.'stalization  tenperature  of  the  extruded 
articles  is  higher.  A mold  with  thick  mil  of  2.0  nm,  for  exannle, 
and  its  deforration  rate  is  under  the  sene  annealing  condition, 

will  be  in  to  recr''staJLize  at  400'’C,  and  its  ending  tmeoerat’ire  of 
recr'-stalization  is  460^0. 

Some  lessei'  elements, like  manganese,  chrominum  and  zirc''niui'i,  have 
•great  effect  on  the  process  of  recrystalization  of  allo^rs,  Amon^  t'^ese 
elements,  the  e''''ect  of  chrominum  is  the  smallest  '•nd  that  of  zirconium 
is  the  "Teatest.  .in  alloy  pla'^e,  for  examnle,  which  contains  2'^  ”g 
and  5%  Zn,  will  be  'in  to  recr-stalize  at  295°C,  and  end  its  recr’^staliaation 
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at  3^°C.  If  0.05'S  is  added,  its  endin'j  tmeper-’t’Jire  of  recr”staliza- 

r) 

tion  will  bec-'ine  430  C,  So  the  allo'''’s  of  this  Toup,  Tinder  the  nomal 
quenching  -'.nd  annealing  condition,  id.  11  have  such  a structure  that  on 
the  matrices  of  the  deformable  filler  stnicture  appears  a snail  quantity 
of  recr'stalized  grains.  This  kind  of  T’lsible  fiber  structure  has  a 
much  hi';'h9r  stress-corrosion  resisting  capability. 

liihen  LC4  is  at  annealing  and  cooling  in  the  air,  t'':e”e  will  be 
quench  effect.  Therefore,  when  it  is  annealing,  t’-^e  cooling  speed  is 
usually  no  more  than  30°C  per  hour.  The  sinnealing  temperature  of  this 
alloy  is  350-420°C.  the  cooling  speed  of  no  more  than  30°C  per  hour, 
when  it  is  cooled  to  150°C,  it  must  be  moved  out  from  the  fu'Tiace  and 
cooled  in  t’^e  air. 

The  recr”-stalized  grains  of  a plate  of  il-Zn-lig  alloy,  which 
does  not  contain  such  elements  as  ilnjCrjZr,  and  ig,  will  be  course  and 
isometric  cr’'-stals.  If  h'n,Cr,  and  Zr  are  added,  the  Tains  will  become 
fine  and  stretch  along  the  direction  of  main  de'^oianation.  Esnecia-.ly 
after  Zr  is  added,  t'  is  kind  of  phenomenon  is  more  obv'o’as.  The  Tains 
stretch  verjr  long  along  the  direction  of  main  deformation,  and  they 
look  like  fibers. 
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Section  3 

The  Stricture  oT  Gust  Tn^’ots  and  Processed  ;'\rtic''.es 


I,  Phase  5braation 


Finire  VT-3 


Pi  ~ure  'n.-U 


Allo’r 


/dlo-'r 


Condition  Cast  in-ot  reneltins  . Condition 
at  '^00°C  .and  cooled 
to  650"' C,  the  ten-  Corrosion 
neraturc  is  ret-’incd 
f-r  C ho’Jrs.  Cooled  Peat'rres  of 
to  400° C,  then  water  Stricture 
quenching. 


Sane  as  Tirire  VT-3 


Corrosion 


Vot  corroded 


Features  o^  1 - T(:''JLZnj''rCu)  in 
Str  cture  eutectic  stiaic- 

tr.re ; 

2 - S(Cu'l''Uq)  in 

eutectic  stne- 
trie; 

3 - Ai:'n^cSi. 


Corrosion  SO^JTqSO/  liquid  solutio; 


1 - ?(AlZn''.'-Cu)  af"e-' 

corrodin'-  becones 
black; 

2 - S(Cul'rUo)  black 

in  CO -lor; 

3 “ .yjki'^eSi  broin  i' 

color. 


r 

ir* 


2 


•'XK^-y^r.-r  . ;|J 

’ ; 

i-w*  i\*:;*'i  -•  ■•  ^ 


f-’  ■■  ■,  - V-  •: 

f ,1  :,->  ■*  ;,.  ,,,  ■ 'i  • iV:";; • /, 


■ V/  < 


i 


? f' 


'"9  • 

1 s <^, . . 


Fii^ire  VI-5 


210x 


Firmre  VI-6 


P.lOx 


Mlov  LC4  Alloy 

Condition  Snme  as  Fi'-ure  VI-3  Condition 

Corrosion  Not  corroded  Corrosion 


LC4 

S'?iie  as  VI-3 

0,5'^^r^  liniiid  solution 


?eat\iros  of  1 - a(;U)  + T(AlZnl!rCu)  Features  o^  1 - a(.''a)  + T(AlZnl!,-Cu) 

Stricture  eutectic*  Strictirre  eutect'c;^  phase 

2 - AU'nieSi^ CrG?'  T is  black  in  color* 

color;  2 - .MlhFeSi  bri'^ht 

3 - (Felki)Al;^  -rrey  brown  in  color: 

in  color.  3 - (Fe>5i)Al^  bri~ht 

brown  in  color. 


Fl.fnire  VI-'^ 


Allov 


Condition 


Corrosion 


Serd.  cont  inuous 
cactinj 

25;5H!I03  liqiiid 
solution 


Features  of  On  the  segregated 
Structure  swellings  of  the 
cast  inpot 

1 - a(.\i)  + T(AlZn 

IlrCu)  e-’tectic  ■ 

2 - (7e!'Ji)Al^; 

3 - All'nFeSi. 


Figure  VI— F 


jilloy 


Condition 


Seni  cont  inuous  castin^- 


Corrosion  25'^HI-03  liquid  solution 

Features  of  On  the  segregated 

Str-.ict'jre  swellings  of  the  cast 

innot 

1 - a(Al)  + TC.’O.Znl'gCu) 

eutectic^' 

2 - {Fe"n)AX3: 

3 - a(  Al)  + 

tectic^;  T'gqSi 
black  in  color. 


Sor.i  continuous 
ousting 


Condition 


Corrosion  25^^111103  liquid 
solution 


?eatu:'es  o 
Structure 


Trs,ns''erse  central  oar 
of  '^-'^%ast  inrat 

1 - aC’d  + T(dZrJ'cCu^ 

eutectic^' 

2 - a(d)  + H'-qSi 

eutectic* 

3 - AlltifeSi"; 

4 - . 


Transverse  central 
part  of  tl-ffeast  in  -ot 
*1  - Phase  SCCuIfeilq) 
in  eutectic* 

2 - Phase  T(Al^-IgCu) 

in  eu.tecticurr.; 

3 - AllliPeSi; 

4 - ISfaSi. 


Condition 


Ser.icontinuous 
casting  t}’.rou''h 
homogenization 
treatment  at  4^0° C 
for  24  hours. 


Condition 


Cemi cont inuous  cast in^ , 
at  IPCPO  heating  ^or  ' 

2 hoiirs,  then  cooled 
to  fiarnace  and 

retainin''  t’-'e  temperat’.rr' 
•^or  C hours,  t’  en  cooled 
to  5C°C  ojid  t^lcen  out 
of  furnace. 


Corrosion  l!ixed  acid  liquid 
solution 


Features  of  **  great  qu.antity 
Structure  of  phase  3(CuIh 
’JLp),  phase 
TC'J.ZrJ'gCu)  and 
ph^Ge  M-aZnq  sena- 
ra  ' ed  from  t^.e 
matrices  of  a (.41] 
"nd  pai’ticles  se- 
para’  ed  from  Vr.M 
and  Criily. 


1 mreat  quantity  o^ 
acicalar  s'lbstar.ces 
senarated  ^'rom  the 
matrices  of  n(^\l).  ?h'’se 
S is  blach  in  color, 
and  phase  T and  lia'Znq 
are  deeo  are”’  in  coJjor, 


mm 


mmm 


\llor  '’.nd  Condition  LC/,.,  soricontimious  casting 


Snec  ‘ '’ics.tion 


tnictnre 


Fi-.o-e  i^-16 


^ 2C0  ''I',  round  inf^^t 

Lon-^itudin'’!  Fracture  str^'-Ct\u'e  "’-d  f’o  strnct-'re 
is  fine  and  '':ono'*enoous. 


Corrosion 


liouid  so3-ution 


eaturos  o: 
tr"’.ctu''e 


Tae  transverse  nacroscopic''!  str'cture.  At  the 

ed^e  f ere  is  a se'Tre''ated  suellir.'-,  o'"  ’.Aich 

t’-'.o  t}iic'uiess  is  .?-3  'r^.T-ie  cr''stal  '*r"i"s  at 

cdco  are  finer. than'  f 'osc  at  t'-^e  riddle  a'^d  centr-’l  nart 


"illov  •'nd  Condition 


LC4,  scnicontinuous  cantin';; 


Snccification 


^ 2 CO  nr’,  round  in 'ot 


CJorroded  in  ’'ixed  A.cid 
Liouid  Solution 


Corroded  in  I'-lxed  Acid 
Liouid  Solut'on 


-illo’-  -ind  Condition  LC4  , ser.icontinuous  c 


round  in“ot 


Tiunre  throu'-h  ^i'Utre  VI-20  the 

sepnrnte  illustrat ‘ons  of  the  structures  o'' 
t’-.e  central  part,  the  niddle  part,  the  ed'e 
part  and  the  tr'’ns'''ersel”'  sepregated  icontinued) 


svrellinr^G  of  the  a'lst  inrot.  They  are  all 
stmctu  'es  of  networks  of  t’le  dentrit'^c  cr'’’stals. 
The  netirork  on  the  se'^reijated  swellin-s  are 
thick  and  af'rrerated;  those  at  the  ed^re  part  <are 
thin,  and  disconnected;  and  t’ose  in  the  middle 
and  central  part  are  thick  and  connected. 


Corroded  in  Mixed  Acid 
Liouid  Solution 


Corroded  in  Mixed  Acid 
Liquid  Solution 


Allov  and  Condition 


LC4  senicontinuous  casting,  through  hoTiogenizatlon 
treatment  for  24  hours  at  460°C. 


ram.  round  inmot 


Figure  VI-21  shows  t':e  structiare  of  the  trans'^erse 
surface  where  swellin-s  are  serregated.  The  net- 
work of  the  dentritic  cr-^stal  is  thin  and  rela- 
tively connected.  The  substances  separated' from 
the  matrices  of  a(Al)  are  particleslof  the  chemical 
compounds  \4iich  contain  'hi  and  Cr,  and  t''e  narticle; 
look  like  many  dots.  The  black  narrow  and  long 
s-ibstances  are  phase  S(Cu}'g.Alo) , and  t’le  "vey 
narrow  and  long  s’abstar.ces  are  phase  T(  AlZn.''i-Cu) 
and  MrZno. 


Fi'mre  VT-22  shows  the  structure  o^  the  trans‘"eree 
central  part,  and  most  of  the  dentritic  cr-stals 
are  alread*’’  in  solid  solution. 


The  struct”j’e  of  the  testinr? 
specimen  which  underwent 
electrol’iiic  polishing,  ia 
under  anodic  double-filmed 
pnlorized  light. 


The  structure  o'"  the  testing 
specimen  which  underwent 
electrolytic  polishing, 'is 
under  anodic  double-'^ilmed 
nalorized  li^ht. 


-illoy  •’nd  Condifon  LC4  semicontinuous  casting 


nm.  round  in'*ot 


Finjre  VI-g4  shows  the  tranayerse  .stmcture 
o^  the  central  p^rt  of  the  ingbt.The  crystal 
grains  at  the  edge  mart  are  finer  than  those 
at  the  central  nart. 
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The  Structure  of  Pl-ites 


'•  ‘.S  _r_ ' . 


Firrure  VI- 

Alloy  r-nd 
Condition 

Specification 

Corrosion 

Features  of 
Structure 


25  210x 


Fijure  VI-26  210x 


LC4-H 


Alloy  end  LC4CS 
Condition 


Thiclaiess  '^,5  inn. 


Specif' cation  Thichneas  '^,5  ran. 


Fixed  acid  liquid 
solution 


Corrosion  T'ixod  acid  liquid 
solution 


This  Finare  shows 
the  lonpit’-idinal 
structure  of  -^he 
central  part  of  a 
pla-^e.  The  chemical 
conpo'jnds  which  are 
bro’cen  arran-'e  .then- 
sel''es  alony  the 
direction  of  extrusion, 
and  on  the  matrices  of 
a(Al)  there  are  se- 
para'^ed  ph'^se  oarticles 


T^is  shows 

t’  e lon'-itudinal 
structure  o'"  t'  e 
cer-'ral  part  o'*  a 
plate.  The  allo''  h-’s 
recrvstalized  add 
the  yr'’ins  stretch 
alony  the  direction 
o'*  extrusion.  T’ ere 
are  remnant  ohases 
SCCuJIyAlq'i  and 
ZniirOOj  wiiich  are 
not  in  solid  solution 
and  phase  .Al’?nFeSi 
which  is  hard  to 
dissolve. 


n’ea.tures  of 
Structure 


I 
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.'lllo’'"  /ind 
Condition 


LC4Cs 


Alloy  and 
Condition 


f cation  Thickne 


I'ixed  acid  liquid 
solution 


I'ixed  acid  liquid 
solution 


Corrosion 


This  Fij^ire  sho\,rs  the  Features  of 
Ion 'itudinal  struct’irs  StTracture 
of  t"'e  central  part  of 
a pl^te.  The  c'^enicnl 
conpounds  are  fiiether 
broken  and  the ir_ dir- 
ectionality of  arr'iji- 
"inq  is  stronq.  On  the 
matrices  of  a(Al)  there 
are  man^’’  dispersed 
narticles. 


This  Figures  shows 
vhe  Ion '-itudinal 
structure  of  the 
central  part  of  a 
plate.  The  alloy  has 
completely  rec’y.’-- 
talized.  There  are 
rernnanat  phases  S(Cu 
T'crAlp)  and  T(AlZn>igCu) 
and,  the  hard-to-dis- 
solve  nh^se  AL’^iFeSl. 


<\llo7  "ind 
Condition 


The  testinrf  spec^nen  'inderwent 
electrol”1:ic  polishing?  •’.nd  is 
under  anodic  double-filned  li''ht 


''J.lo”’  ""nd 
Condition 


Teatures  of  This  PiT^ure  shows 
Str-icture  the  palorized  li'^h'^ 
structure  o'*  what 
illustrated  in  FI" 're 
VT-29.  The  allov  h-’S 
corpletel"'  recr'rstalized, 


Solid  solution  ?.(A.l) 
is  deconposed,  and 
ph-^se  SCCuICgAlpI  and 
T(AlZn!'aCu)  dispersively 
scatter  on  the  matrices 


Alloy  and  Condit’.on  LC4Cs 


Thickness  5.0 


Ifixed  icid  liquid  solution 


The  bright  matrices  in  the  TinTre  are  the 
aliminun  co'-'er,  and  the  thic  ness  is  about 
0,12  m.  The  dark  substance  underneath  it  is 
the  body  of  LC4.  From  the  pa^  tern  o^  distri- 
bution of  the  nicrohardness  o^  the  aluninim 
cover,  it  can  be  known  that  after  heat  treatrent, 
the  alloy  ele’^ents  diffuse  toward  the  aluminum 
cover  and  fom  a clear  phenomenon  of  concentrated 
gradients. 


4.  The  Structiire  of  Sxtruded  Articles 


< V. 


Fy.0:ure  VI-32 


Cor'-oded  in  255triaOV 
liquid  Solution 


'M 


"I'  ,:r' 


Jlqure  VI-33 


Corroded  in  25!5'aOH 
Liquid  Solution 


AUo:'  and 
Condition 

Specification 


Specification  i 60  nn,  nultiple- 
holed  extruded  bar 

feat’jres  of  Piqure  VI-32  s'lovrs 

Stnctiire  the  transverse  mcro 

scopical  strucfrjre 
of  the  front  end  of 
the  bar.  The  cr:''stal 
arains  are  fine  and 
hoTX)"eneous. 

Fi'*ure  VI-33  shoijs 

t'le  transverse  nacroscnpica.1  structure  of  the  rear  end  of 
t’:e  bar.  The  coarse  cr^-stal  region  looks  like  a crescent  and 
the  -rains  in  ot’-'er  parts  are  snail  and  fine. 


Figure  VI- 34  210  x Pi'^ure  VI-35  210* 


Corroded  in  llixed  Acid 
Liauid  Solution 


Corroded  in  I'ixed  Acid 
Liquid  Solution 


Firuro  VI-36  310x 

Corroded  in  !'ixed  Acid 
Liouid  Sol  ution 


Fi-mre  VT-3'’  210x 

Corroded  in  I'ixed  Acid 
Liquid  Solution 


Alloy  ^nd  Condition  LC/v?t 

Specification  i 60  nr,,  nultiple-holed  extruded  bar 

Features  of  Pifujire  VT-34  ■'’J^d  Fi~ire  VI-35  respectively' 

Struct’ure  show  the  longitudianl  structare  of  the 

central  part  and  the  edqe  part  at  the  front 
end  of  the  bar.  The  de.aree_6f  (continued) 
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de^om-ition  at  the  cer.tral  part  is  snaller 
t'-.m  that  at  the  edte  part,  the  renanat 
castinf^  structure  can  therefrre  be  seen, 
the  mtrices  of  a(;\l),  a 'Treat  quantity  of 
P''rticles  of,  the  ‘ soluble  phases  . caine  out, 

Fi'uire  VI-36  and  Firaire  YI-3'’  respectively 
show  the  lon"itudinal  structure  of  the  ed'^e 
part  and  the  central  part  at  the  rear  end  of 
the  bar. The  deformation  at  the  re<ar  end  is  more 
complete  than  that  at  the  ■f'ront  end. 
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AO-A049  264 


UNCLASSIFIED 


F0RCI6N  TECHNOLO0Y  DIV  WRI0HT-PATTERSON  AFB 
DEFORMED  ALUMINUM  ALLOY  METALLOORAPHY* (U) 

AU6  77 

FTD-ID<RS)T-0577-77 


OHIO 


F/6  11/6 


NL 


END 

DATE 

riLMEO 

2-78 


\ppendlx  2 (continued) 


25cc 

}^0j  + 

''5ccHoO 


0.5cc»P  + 
1.5ccHCl  + 

2 . 5cc 
+ 

99.5ceHoO 


20ccHCl  + 
20ce 
H»!03  + 
5ccH?  + 
55ccHpO 


raiero- 

hsrdneas  Flisin'* 


H3PP/+  1^(»?C3),+  H5h  point 
^cc»SO  '’5ccIP»0  OC 


1 

slirrhtly 

corroded 

slly'itly 

corroded 

color 

sli-hly 

corroded 

color 

Scores 

dflr’:«r 

sli  ■♦‘.tly 
corroded 

corroded 

color 

beco’*e8 

dark. 

1 

no 

no 

no 

no 

no 

510 

725 

< 

no 

veT^r 

sli-^htly 

corroded 

sllphtl" 

corroded 

slightly 

corroded 

corroded 

clor 

becomes 

dark 

dolor 

becores 

darker 

darkjCoaraei  color  si' 
color  chanTos  'htlv 
as  posit 'on  chanyes 
changes  i dark  ■'Tre''j 

no 

bro\m 

6OR 

1 

1 

dark 

color 


no  : 95f» 


dark 

color 


corroded  no  no  color  color 

brown J 

< sli-htly  3ll'’htl7  slightly)  slightly 

brown  corroded  corroded  corroded!  corroded 


Appendix  3 Re'*erenre  I>ita  of  ’'ochmlcal  Property  of 


1 „ - 

Name  of  9P®ci^i- 

9 

g. 

H* 

Processing ' 

’eat  Ti^tmer 

t 

US’ 

H**  Hi 

y • 

Article 

M^ion 

[mm) 

Ct 

s 

CC) 

H-  0 

8V 

(K) 

8| 

CC) 

It 

Longi- 

tudinal 

T2tU18- 

verse 

LJ 

lot'ppes*^ 

• 

■t.AO.5 

R 

400 

98 

f 

9.51 

9.55 

sed  plate 

L2 

hot-iffes- 

,rB0.5 

M 

400 

98 

400 

60 

7.85 

7.94 

sed  pla*-e 

L2 

C|)p-» 

t’O.S 

Y 

rooi^T 

. w 

18.54 

19.24 

L2 

cpp  ^ 

t.0.5 

M 

robsl  T 

, «5 

400 

60 

8.85 

8.26 

L4 

nol^ 

JX1380-2 

R 

400 

7.5i<tFin 

mil) 

7.44(thlck 

wall) 

LD2 

ingot 

^380 

oa 

18.4  , 

I.D2 

hax:} 

470 

cs 

370 

92.4 

jlO-xSSO 

180 

14.8  (front 

end) 

155 

300 

14.2  (»e«r 

end)  j 

I D2 

one-  ex^j 

230  X 90 

cs 

370^420 

8fi.7 

510'^540 

60 

43.63 

39.7 

uded  belt 

155 

300 

LD2 

twD-extri 

AP218 

cs 

370~420 

95.7 

510^540 

40 

35.87 

35.83 

uded  mole 

155 

300 

' 

LD2 

;(torged  pi 

ece/1, 

R 

450^490 

80 

15.1  (thin 

wall) 

16.1  (thl<di 

wall)  1 

LD2 

iCorged  pi 

ecefl, 

cs 

450^490 

80 

510^540 

90 

37.1 

wall)  ' 

1 

150~185 

720-^900 

37.5  (tyj) 

38.0  (tw  ;> : 

LY12 

Ingot* 

^280 

ca^ 

23.7 

21.4  1 

LY12 

JngDt 

487 

720 

25.3 

18.5 

LY12 

epp- 

t 1.0 

Y 1 

oom  I. 

80 

28.9 

30.3 

LY12 

«PP  ' 

t,  1.0 

cz 

room  1 

> 80 

485^503 

18 

46.92 

46.15  j 

LY12 

^ 1.0 

M 

rdOT  1 

. 80 

350^420 

60^180 

14.38 

18.95 

LY12 

one"^ebcti^ 

^40 

M 

320~450 

97 

380-^420 

120 

22.23 

uded  bar 

cz 

495^500 

40 

56.52 

1 

LY12 

two  extr- 

' vt2.0 

M 

320~450 

380^420 

120 

21.28 

uded  mole 

cz 

495~S00 

20 

47.30 

LY12 

one  •extr> 

^40 

cs 

320~450 

92.8 

500 

50 

55.8 

uded  bar 

190 

360 

• * Casting  temperature J '’30-71 5OC,  melting  temperature  '’50-'’00OC; 

Casting  speed*  55-^  rm/mLn,  water  pres-aire  0, 3-1,0  atm; 
Cr"-8talization  troughs  150mm. 


Some  Article  l!ade  of  Deformble  U.ur!inuB  Alloy 


MBOliTnlcal  PnrfPorty. 

tf*.i  {kp„/mP)  i 

I I ' , ^i  loagi-  I ‘.rims- 1 

**  I **  l'’®***®  i p®ir'-jibtudJn'>lj  verse  i 


6.44  7.46  i 6.61 


4.5S  4.SS 


5 ^Inr  wall) 
4.5(;thi  dc  vail) 
16.9 

38.8^on ; end) 
38. 3(  rear  end) 


S3. 27  I 27.03 


I 41. S 


33.38  35.80 

wall) 
.5(.th»  k vail) 
1.75 

.4(.rroiit  end) 

e-’d) 


24.2(iidt) 
27.4«<4^®) 
28.4(eenter) 
23. 4r  mirfere) 
2S.0v*id*) 
zs.S^dille) 
25. 9(<  center) 
22.2Qtarface) 

41 
23 
25 


28.1 

29.68 

30.78 

31.6 

11.80 

11.68 

14.12 

41.15 

14.25 

29.41 

48.7 

Translation  note:  cpp  = cold  pressed  plate;  ca  = castin? 

t = thickness;  ho  = homo f^enlzat ion; 
tw  = thick  vail;  wt  = vtdl  thiiricness. 
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enchiniT 


natural  agin 


artificial 


uenching  + natural 


uenc'-ing  + artificial 


3/4  hardness,  I/2  hardness, 
hardness,  I/a,  hardness 


superhardness 


hot  rolling,  hot  extrusion 


ood  siirface  _ 


aluminum  free  


quenching  natural  aging 
ood  surface  and  cold  harden ine 
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